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PREFACE TO THE FOURTH EDITION.

This little work is designed as a guide for beginners in

chemistry* The authors have found the course of instruction

as arranged in the following pages productive of good
;

its

object is not to dispense with the supervision of an instructor,

but rather to assist him.

The present edition differs from its predecessors in that

new experiments have been introduced, while others described

in former editions have been modified in accordance with the

experience obtained in the daily use of the book with large

classes. The text, too, has been subjected to careful revision.

Although reference is frequently made to Richter’s “ In-

organic Chemistry,” fifth edition, any other text-book on the

subject can be employed in its stead. The experiments have

been collected from various sources, and no claim is made for

originality.

(iii)
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NON-METALS.

CHAPTER I*

APPARATUS, MANIPULATIONS AND OPERATIONS.

( T ) The Bimsen Buj'ner and the Blowpipe.

I. Make a borax bead. 2. Dissolve a very minute quantity

of manganese dioxide in it. 3. Heat in the oxidizing flame ( ?).

4. In the reducing flame (?). 5. Heat oxide of lead on

charcoal in the reducing flame. 6. In the oxidizing flame.

(2) Working with Glass Ttcbhig and Rods.

I. Cut various lengths of rods and tubing.

2. Round the sharp edges by softening and

turning the ends in the lamp.

(3) Construct a Wash-bottle (Fig. i).

I. Soften a sound cork by rolling it

under your foot on a clean floor. 2. Bore

two parallel holes through it by means of

a cork-borer. These perforations should be

cylindrical and of less diameter than the

glass tubes they are to receive. Use a rat-

tail file in enlarging them. 3. Cut suitable

lengths of glass tubing. 4. Draw the longer one to a fine

point after softening in the flame. 5. Bend the tubes in an

ordinary fish-tail burner, and round the sharp edges. 6. Fit

the different pieces together-

(4) Arrange some otherform of apparatus for practice,

(5) The Balance.

2 (9)



lO EXPERBIENTS IN GENERAL CHEMISTRY.

I. Weigh an object by placing it on the left-hand pan of

%e balance, and a weight judged about equal on- the right-

hand pan. Should the latter be found too heavy, replace it

by the next smaller one; if too light, by the next heavier

one. Then add systematically the smaller weights, until the

needle points to the middle of the scale. The final adjust-

ment is made with the rider. In adding or removing weights,

the supports must always be raised.

(6) Measurmg Vessels.

I. Measure off lo cc. of water (a) in a cylinder, (^) in a

burette, {c) in a pipette. Always read the lower meniscus.

2. Measure off similarly 50, 100 and 200 cc.. of water, and

determine their weight. 3. Measure the volume of 50 grams

of oil of vitriol, and of 65 grams of muriatic acid. What are

the specific gravities of these substances? Note the relation

between weight and volume in the metric system.

(7) Chemical Operations.—Solution, evaporation, crystalli-

zation, precipitation, filtration, washing, and drying.

I. Place into a test-tube pure sodium carbonate, into an-

other cobalt chloride, and add distilled water to each. Stir.

What occurs? 2. To calcium carbonate, add water. Is there

any change? Now add a little hydrochloric acid. Whaf
action has it? 3. Pour 5 cc. of strong hydrochloric acid

upon powdered manganese dioxide
; observe appearance and

odor. Note, too, in each case, whether heat has any effect.

Distinguish between chemical and mechanical solution. 4.

Heat the cobalt chloride and the calcium carbonate solutions,

each in a separate dish, on an iron plate, until the liquids are

completely driven off (?) 5. Dissolve potassium chlorate in

hot water, and allow to stand and cool (?). 6. To a portion

of the cobalt chloride solution, add a solution of soda ; boil.

7. Allow to settle and filter. 8. Wash the precipitate until

pure water runs through the filter ( ?)
. 9. Heat the filter until

perfectly dry.







GENERAL PRINCIPLES. II

CHAPTER II.

GENERAL PRINCIPLES.

(
I )

Changes in Matter.

I . Rub a glass rod with a piece of cloth, then touch parti-

cles of paper with it (?). 2, Through an insulated spiral of

stout copper wire pass a current from two Bunsen cells. Place

a piece of wrought iron—a nail will answer—inside the spiral,

and bring iron filings in contact with it. What happens?

Interrupt the current and note the result; repeat. 3. Heat

a platinum wire in the non-luminous flame; is there any

change? What is the effect of removing it?

Are the original properties of the substances in the above

experiments altered, after the action of the forces of electric-

ity, magnetism and heat has been stopped?

4. Mix intimately four parts, by weight, of finely powdered

sulphur with seven parts of very finely divided iron (filings).

Pass a magnet over a portion of the mixture. Another portion

treat with carbon disulphide in a test-tube. Then heat the

remaining portion in a tube over a glass-flame.

Note carefully what occurs in each case. Powder

the mass resulting from the last operation in a dry

mortar. Can you extract any iron from it with a

magnet, or dissolve out any sulphur with carbon

disulphide? What inference do you draw from

the facts observed? 5. Decompose water in Hof-

mann’s apparatus by an electric current. The

water should be acidulated with sulphuric acid to

make it a conductor of electricity. A current from four to

six Bunsen cells is required. To the gas, of which a larger

volume has collected, apply a flame, and to the other a glow-

ing spark at the end of a chip of wood ( ?) . 6. Heat oxide of

mercury in a tube of hard glass (Fig. 2) (?). 7. Grind sul-
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phur and mercur}^ together in a mortar ( ?) . 8. Heat sugar in

a dry test-tube, at first gently, and then more strongly. Note

color and odor. 9. Mix dry soda and tartaric acid in a mor-

tar. Is there any action? What occurs when you add water?

Point out in what respect the changes involved in experiments

1-3 differ essentially from those in 4-9. By what general

names can you distinguish the two different kinds? With

which does chemistry concern itself? Define chemistryK

Through what agencies have the results been obtained in

experiments 4-9? Has any gain or loss of matter occurred

in any of them ?

(2) The products resulting from 5 and 6 cannot be further

simplihecl, /. <?., decomposed into dissimilar substances. They

are elements . What are water and red oxide of mercury?

Grind together powdered sulphur and finely divided copper

in a mortar. Strongly heat the intimate mixture so obtained

in a tube of hard glass. What happens? When cool treat

the black residue with warm, moderately dilute

nitric acid. Filter the resulting solution, evapo-

rate the excess of acid, and redissolve in water.

Place the blue colored liquid in a beaker (Fig. 3),

and introduce the platinum electrodes—a foil and

a wire—of a battery of two or three Bunsen cells.

Allow the current to act for ten minutes, and ob-

serve what takes place at the electrodes. Wash the dark-

colored substance retained by the filter, first with water, then

repeatedly with alcohol, and finally with carbon disulphide.

Evaporate the disulphide solution, and examine the residue.

What changes have the copper and the sulphur undergone

in this experiment?

.

(Study pp. 1 8-28, in Richter’s Chemistry.)

(3) Metals and Non-metals .— (See Richter, p. 19.)

Is there an exact line of demarcation between these two

Fig. 3.

XF

* The instructor should here develop the idea of element more fully.
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classes of elements? Name a few characteristic examples of

each class, and point out in what respects they differ from one

another.

CHAPTER III.

HYDROGEN.—H.

(1) Put several pieces of granulated zinc into a test-tube

and pour dilute hydrochoric acid upon them. What occurs?

(2) Arrange the apparatus shown

in Fig. 4. The flask should contain

about 15 grams of zinc, and dilute

sulphuric acid is poured through the

funnel tube. When all the air in the

apparatus has been displaced {askfor

precautions /') collect six large test-

tubes full of the gas over water.

(3) What are its properties? Will it burn? Support com-

bustion? Is it lighter than air?

Invert a test-tube containing one-third of its volume of

water in a dish of water, and displace the water in the tube

by hydrogen. What happens when the resulting mixture of

air and hydrogen is brought in contact with a flame?

(4) Connect the stout copper wires of a Bunsen batter}^

(three or four cells) with a loop of thin platinum wire.

Introduce the incandescent wire into an inverted beaker

containing hydrogen. What takes place?

(5) Over a small flame of burning hydrogen place a rather

wide glass tube. Slowfly lower the tube until a musical sound

is heard. Explain this phenomenon.

(6) I. To learn what becomes of hydrogen when it burns

in air, arrange apparatus as in Fig. 5. The gas is led from

the evolution flask into a bottle containing concentrated

Fig, 4.
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Fig. 5.

I

sulphuric acid, and then passes through a tube filled with

pieces of calcium chloride. The gas which escapes is free

from moisture. Burn it under a cold glass jar. What do you

obtain? 2. Fill a small flask with a mixture of one volume of

hydrogen and five volumes of air; cork; invert the flask

several times to mix the

gases ;
wrap a towel around

it and bring its mouth to a

flame. Result ?

(7) Hydrogen is not the

only product of the action of

Sulphuric Acid tipon Zinc,

Pour some of the liquid

remaining in the flask, in

which h5drogen was generated, into a porcelain dish. Evap-

orate to about one-third of the original bulk ; allow to stand

several hours. You will now discover that the solution is

full of colorless crystals. These are zinc sulphate or white

vitriol—a salt, ZnS04 + 7H2O. Write the equation of the

reaction.

(8) Determine the Weight of Hydrogen generated by a given

Weight of Zinc,

A piece of zinc (not more than .02 gram) is accurately

weighed, and placed under a funnel in a

beaker (Fig. 6). The latter is then nearly

filled with water, so that - the entire funnel

is under the surface. A test-tube containing

dilute sulphuric acid is lowered over the stem of

the funnel. Hydrogen appears and collects in

the tube. When all the zinc has disappeared,'^

transfer the tube containing the hydrogen to a

larger vessel, holding water. Measure the vol-

* This may be hastened by bringing a spiral of platinum wire in contact

with the zinc.

Fig. 6.
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ume of the gas by markiDg the tube where the inner and

outer levels of water are even, and then weighing or measuring

the quantity of water which it will hold to that mark. Note

the temperature of the water, and the height of the barometer.

The weight of the hydrogen is found by multiplying the

volume by the weight of one cubic centimeter, /. e., .0000896

gram, Before this can be done, however, it is necessary to

reduce the volume of the gas to 0° C. and 760 mm., as the

above value has been determined under these conditions. If

V == volume observed, t*=±= temperature, and p = pressure,

then

LXP
( I -f i7t) X 760

and W = Vq X .0000896. a = ,003665.*

To calculate the quantity of zinc necessary to generate a

unit of hydrogen, we say

—

Wt of H : Wt of Zn : : r- : x.

^ here stands for the equivalent weight

of zinc.

The equivalent weights of some other

metals, such as iron, cadmium and mag-

nesium, can be determined in the same

manner. Magnesium gives the most satisfactory results.

(9) Decompose wate?' by electrolysis (ask for instructions)

and test the products.

(10) Wrap a small piece of sodium in paper and place it,

with forceps, under the mouth of a test-tube filled with water,

and inverted in water (Fig. 7) contained in a dish. Repeat

this until the test-tube is filled with the gas. Test it for

hydrogen.

What becomes of the metal? Equation?

Fig. 7,

Tension of aqueous vapor is here neglected.
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(11) Construct the apparatus shown in Fig. 8.

Water is heated to boiling in the flask A, and the steam

led over iron filings or wire, heated to redness in an iron tube.

Collect the escaping gas over water. Test it for hydrogen.

Note its odor ( ?).

Is the iron changed? Equation?

(12) Into a tube of hard glass (six to eight inches in length)

Fig. 8.

place a weighed quantity (one to two grams) of cupric oxide

contained in a boat
;
connect the tube with a calcium-chloride

tube of known weight (Fig. 9). Pass a current of hydrogen,

dried by passing through concentrated sulphuric acid or cal-

Fjg. 9.

cium chloride, over the oxide of copper. When the air is

completely expelled (?) apply a gentle heat to the part of the

tube containing the oxide. Observe the glowing of the
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mass. When the change is complete, cool and determine

the loss in weight of the boat, and the gain in the calcium

chloride tube. Explain the reaction.

Frohle^ns.— i. How much hydrogen can be obtained from

zinc and 299 grams of sulphuric acid? 2. How much zinc

and sulphuric acid are necessary to furnish 100 grams of hydro-

gen? 3. Suppose you have found that .015 gram of magnes-

ium yields 15.2 cc. of hydrogen at 20° C. and 750 mm., what

is the equivalent weight of that metal? 4. How many cc.

of hydrogen can be obtained from two grams of sodium and

water? 5. How many grams of water can be decomposed by

5 grams of iron
;
by how much is the weight of the latter

increased? 6. 10 grams of cupric oxide will yield how much

copper upon heating in hydrogen?

Give a brief summary of what you have learned about hydro-

gen.

(Study Richter, pp. 39-47.)

CHAPTER IV.

FIRST NATURAL GROUP OF ELEMENTS—CHLORINE,
BROMINE, IODINE, FLUORINE.

CHLORINE.—Cl.

(1) Into a test-tube put manganese dioxide and concen-

trated hydrochloric acid. Note what happens both before

and after heating.

(2) Use apparatus (shown in Fig, 10) for preparing larger

quantities of chlorine. The manganese dioxide should be in

the form of small lumps (not powder) , Heat the mixture gently,

pass the- chlorine through a small quantity of water and collect

it either by downward displacement or over war7n water.

3
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Write the reaction. How many atoms of chlorine are lib-

erated? How many molecules?

(3) I. What is the normal condition of

this element? 2. Is it lighter than air?

®3. Is it inflammable? 4. Does it support

combustion ?

To obtain answers to these questions,

fill a number of test-tubes with dry chlo-

rine, and proceed as under hydrogen.

(4) Collect five large test-tubes full of

the dry gas, and cover them with watch

glasses.

Into I throw a little pulverized antimony.

Into 2 carefully introduce a piece of phosphorus.

Into 3 insert tissue paper moistened with oil of turpen-

tine.^

Into 4 introduce colored flowers.

Into 5 pour a little litmus solution.

What are the results?

(5) Fill a test-tube with chlorine, and a second one of the

same size with hydrogen. Bring the tubes together, mouth

to mouth, and mix the gases by repeated inverting. Apply a

flame to the open mouth of each tube (?).

(6) Invert a bottle filled with chlorine over water saturated

with the same gas. What follows in the course of a few hours’

exposure to sunlight? Can you account for results in experi-

ments (4), (5), and (6)? Why should the gas be collected

over warm water?

(7) Determine the Weight of a Litre of Chlorine ,—Arrange

apparatus as shown in Fig. ii.

In the evolution-flask place a mixture of equal weights of

* It is well, when the turpentine is old, to gently warm it, and then

saturate the tissue paper.
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salt and manganese dioxide. Add sulphuric acid, previously

diluted .with its own volume of water

(pour the acid into the water). Heat

gently. Chlorine is evolved, and is dried

by passing through concentrated sul-

phuric acid, after which it is led into

the perfectly dry flask When this is

filled, which you ascertain by the color

of the gas in the neck, slowly withdraw

the tube and cork the flask at once.

Weigh the flask. Head the barometer and thermometer.

Determine, also, the weights of the flask filled with air and

wdth water.

Calculation .

—

Capacity of flask, c

Temperature, t

Pressure, p

Flask filled with air, w
“ “ chloime,

Wt. of a litre of air, 1*293 grm.
‘‘ “ chlorine, x

The weight of the air filling the flask is
^ (I +.00367 t) 760

The difference between this and w is the weight of the

vacuous flask. Subtract this from w'. The remainder is the

weight of the chlorine (W). Reduce the volume of the chlor-

ine to C. and 760 mm. (see under hydrogen)
;

it is ==

c X p j , •
-uo. X vx W X 1000

, and the weight of i litre, x =
(1 + .00367 t) 760 v^

How many times heavier is one litre of chlorine than a

litre of hydrogen?

Fig. II.

To prevent the diffusion of the gas into the air a plug of cotton should

be placed in the neck of c.
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Write the equation involved in the above method for pre-

paring chlorine.

Problems.— i. How many litres of chlorine can be obtained

from one kilogram of manganese dioxide and hydrochloric

acid? 2. What v/eight of salt is required to prepare loo

litres of chlorine? 3. How many pounds of sodium sulphate

and manganese sulphate will be formed in the preparation of

TOO litres of chlorine gas? 4. Calculate the number of grams

of chlorine that two litres of water will absorb, provided the

latter takes up twice its volume of the gas? Write out your

deductions from the above experiments on chlorine.

(Head Richter, pp. 49-53.)

HYDROGEN CHL0RIDE.~HC1.

( 1 ) Repeat the explosion of equal volumes of chlorine and

hydrogen. Quickly cover the mouth of the flask, and im-

merse it under Tvater. Does the latter rise? Put a drop of

th'e liquid on the tongue and note the taste. Add some blue

litmus solution. Is there any change?

(2) The product of the union of hydrogen and chlorine is

a colorless gas. It is called hydrogen chloridL It is usually

prepared by the action of sulphuric acid upon salt, thus :

—

2Naa + H2SO4 ^ 2HCI + NagSO^.

or, better NaCl + ERSO^ == tICl + NaliSO^.

The apparatus employed here is the same as that used in

making chlorine (Fig. 10).

(3) Determine the Properties ofHydrogen Chlonde as under

Hydrogen and Chlorine,

What new property appears here? Fill a long dry glass

tube with the gas, and quickly bring it into a basin contain-

ing water colored blue with litmus. . What happens? What
does hydrogen chloride gas yield on dissolving in water?

(4) In the preparation of hydrogen by the action of sodium
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upon water, it w^as observed that the liquid became soapy to

the touch, and acquired the property of turning red litmus

blue. Prepare such a solution. To it add a few drops of

litmus, and then a solution of hydrogen chloride (gradually)

from a burette, until the blue color just begins to turn.

Evaporate the resulting liquid to crystallization. Dissolve

and recrystallize the product. It appears

in cubes, and has the taste of common salt.

[t does not affect either red or blue litmus.

We say it is neutral in reaction. The sub-

stance is chloride of sodium or common salt.

What is a salt ? An acid ? A base ? How
can you obtain hydrogen chloride and chlo-

rine from sodium chloride?

(5) Burn Hydi'ogen in an Ahnosphere of

Chlorine^ and Chlorine in Hydrogen,

Generate chlorine as already described (p. 17) and collect

it in a large cylinder. Into this introduce a burning jet of

Fig. t 2 .

Fig. 13.

hydrogen (Fig. 12). Does it continue burning?

What is the appearance of the flame? To show

the combustion of chlorine in hydrogen arrange

apparatus as in Fig. 13.

( 6 ) To determine the weight of a litre of hydro-

chloric acid gas exactly as under chlorine.

(7) Determine the Composition of Hydrochloric

Acid Gas by Volume,

I. Fill a perfectly dry and graduated tube with

hydrogen chloride. Close the open end with the

thumb, and opening the tube for a moment,

quickly pour in about 10 cc. of sodium amalgam

(see sodium, p. 56). Close the tube at once with

the thumb, slightly moist, and shake well. Invert

the tube in a large beaker of water, and remove the thumb.

The amalgam will drop into the water, and the latter will
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rush up into the tube, filling it nearly half full. Immerse the

tube so that the water in it and that in the beaker are on the

same level, in order to bring the remaining gas under atmos-

pheric pressure. Read its volume and prove that it is hydro-

gen. Measure the volume of the mercury.

ftr/UY/b/zb/V. —

Capacity of lube, a

Voh of mercur}', b
\*oi. of hydrogen,

2

(S) Add hydrochloric acid to solutions of silver nitrate;

of mercurous nitrate; and of lead acetate. What do you
observe in each case? Boil the precipitate formed in the

lead solution with water. Cool, and note result.

BROMINE.—Br.

(1) Allow a drop of bromine to fall upon a heated watch
glass

; cover it quickly with a beaker. What is the color of

the vapor? Dissolve one drop of bromine in each of the

following solvents contained in’ test-tubes : water, alcohol,

ether, carbon disulphide, and chloroform. Note the relative

solubilities, and the color of each solution,

(2) r. Pass chlorine through an aqueous solution of potas-
sium bromide. What happens? 2. To a portion of the
product add a few drops of carbon disulphide, and agitate the
mixture ; what is the result? 3. To another portion of the
solution, containing free bromine, add a few drops of a starch
emulsion.^ Result?

ihe starch emulsion for this purpose can be prepared as follows: One
gram of starch is well ground in a mortar, with very little water, to creamy
consistence. It is then poured into 200 cc, of boiling water. Allow to
subside, decant the clear supernatant liquid and use it for the test.
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(3) Devise a method for the preparation of bromine from

potassium bromide.

(4) Prepare PIyd7'obromic Acid.— In a small flask cover five

grams of red phosphorus with 10 cc. of water, and from a

funnel, provided with

a stop-cock, gradually

allow 50 grams of bro-

mine to run in.^

The gas is purified by

conducting it through

a U-tube, containing

moistened pieces of

phosphorus and glass

(Fig. 14), and led into

water to obtain the

aqueous solution. How would you collect the gas?

(5) Add a solution of potassium bromide to solutions of

silver nitrate, mercurous nitrate and lead nitrate—do the re-

sulting bromide precipitates differ much from the corres-

ponding chlorides?

Fig. 14.

IODINE.—I.

(1) I. Place an iodine crystal upon a warm plate, and note

color of vapor. 2. Test the solubility of iodine in the solvents

which were used with bromine
;
what are the colors of the

resulting solutions? What is tincture of iodine ?

(2) I. Pass chlorine into a solution of potassium iodide.

Divide the resulting liquid into three parts. To one of these

add about 5 cc. of ether and agitate (?). Shake a second

portion with carbon disulphide or chloroform. To the re-

maining portion add some starch emulsion (?). 2. Repeat

As it is rather difficult to weigh bromine upon a balance, calculate the

volume corresponding to the weight given and measure out the same in a

cylinder.
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this experiment, substituting bromine water for the chlorine.

Avoid excess of chlorine as well as of bromine (?).

What conclusions do you draw from these experiments re-

lative to the affinity of the halogens for potassium?

f 3) Pass hydrogen sulphide gas (H2S) into 50 cc. of water,

and add powdered iodine till the brown color no longer dis-

appears. Warm, filter (?) and distil the filtrate. The pro-

duct is what?

How is gaseous hydriodic acid prepared?

(4) Precipitate solutions of silver nitrate (AgNOg), mer-

curous nitrate (HgNO.;), lead nitrate (Pb(N03)2), and mer-

curic chloiide (HgCL), with potassium iodide. Note result in

each case. Redissolve the lead iodide in boiling water. What

do you observe on cooling the solution ? Write the reactions.

FLUORINE.—F.

In what manner has this element been isolated?

(
i ) In a lead dish (or platinum crucible) place one gram of

pulverized fluor spar (CaFa). Add concentrated sulphuric

acid ; cover the dish or crucible with a watch-glass coated on

its lower surface with paraffin, through which characters have

been drawn with a fine point. Heat gently for a few minutes.

What do you observe on removing the paraffin?

(2) Can you liberate fluorine from a fluoride?

Problems.— i. How much sodium bromide, sulphuric acid

and manganese dioxide are necessary to produce one cu.

metre of bromine vapor at 20° C. and 745 mm.? 2. What per

cent, of hydrogen iodide does a liquid contain which repre-

sents a solution of 50 litres of the gas in one litre of water?

3. 10 grams of fluor spar will give what weight of hydrogen
fluoride? 4, How much salt and sulphuric acid will be re-

quired to prepare six litres of muriatic acid of sp. gr. 1.17?

What volume would the hydrogen chloride in these six litres

occupy at 735 mm. pressure and 22° C.? 5. What is the per-
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centage of hydrochloric acid in a solution of which 17 cc.

dissolve exactly two grams of metallic magnesium? What is

the volume of hydrogen liberated at 760 mm. and o°?

CHAPTER V.

SECOND NATURAL GROUP OF ELEMENTS—OX V'GEN
SULPHUR, SELENIUM, TELLURIUM.

OXYGEN.—O.

(1) Preparation ,— i. Weigh the hard glass tubers: (Fig.

15), and introduce a weighed quantity (about 0.5 gram) of red

oxide of mercury. Ignite strongly; collect the liberated gas,

and measure it. Weigh the tube with the residue. What are

the products of the ignition?

(2) Prepare more of the gas, as follows: Mix equal parts

of potassium chlorate and pulverized manganese dioxide
;
heat

in a tube of hard glass or small retort. Collect the gas in

large test-tubes or cylinder jars over water (Fig. 15).

Into No. I lower a piece of ignited sulphur on an iron

spoon. Note result. Add water after the combustion (?).

Into No. 2 introduce a small piece of burning phosphorus

(care !). Proceed as in No. i.

Into No. 3 introduce ignited charcoal. Treat as before.

Add now a few drops of blue litmus to the contents of each

bottle. Any change?

Into bottle No. 4 introduce a fine watch spring, previously

heated at one end and dipped into powdered sulphur. Result?

Is oxygen heavier or lighter than air? Has it color, taste,

or odor? Will it burn? Does it support combustion?

What other methods can be used for preparing oxygen?

4
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r3) Detcnnine the Weight of a Litre of Oxygen,

Arrange apparatus shown in Fig. i6; is a tube of hard

glass, whose ^weight is know’n ; it contains a weighed amount

of potassium chlorate (about 0.3 gram). The bottle A is filled

with waiter, b is a clip and d a beaker. The exit tube should

be filled with \vater at the beginning of the experiment.

Open the clip, heat a to bright redness, and receive the water

displaced by the oxygen in d. When no more gas is evolved.

Fig. 15.

cool; allowing the rubber tube to dip under the water in the

beaker. • Some of the ivater will, be drawn back into the bot-

tle (?). Measure the volume of the water in d. Note the

temperature of the air, and the height of the barometer.
Weigh a, containing the residue of potassium chloride (KCl).

Calculation ,

—

Weight of the tube,
-a.

Weight of potassium chlorate and tube, b
Weight of potassium chlorate, b a
Volume of w^ater collected,

Barometric pressure, p
Temperature,

^

Aqueous tension at t, p/
Weight of potassium chloride and tube,

Vo=r and x= X ''°°°

( I + -00367 t) X 760 Vo
'

Dissolve the residual potassium chloride in water, and to
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its solution add nitrate of, silver (?). How does potassium

chlorate behave under like conditions?

(4) Give a summary of your work upon oxygen.

Problems,— i. How much oxygen^ by weight and volume,

can be obtained from 54 grams of mercuric oxide? 2. Heat

will expel what volume of oxygen from 2.45 grams of potas-

sium chlorate? 3. How much mercuric oxide is necessary to

yield one cu. d. m. of oxygen? 4. Oxygen is how many

times heavier than hydrogen?

OZONE.—O3.

( I ) Pour water on clean pieces of phosphorus to half cover

them
;

invert a large, clean jar over this and allow to stand

for a short time. Test the air under the jar for ozone. For

this purpose use paper impregnated with a mixture of starch

paste and potassium iodide. What occurs?

(Read Richter, pp. 84-88.)

Compounds of Oxygen and Hydrogen.

WATER.—H2O.

(1) Arrange the distillation apparatus (Fig. 17) and prepare

about 100 cc. of distilled water. Has it any color, odor or

taste? Does it leave a residue upon evaporation? Test it

with a strip of neutral

litmus paper. Can you Fig, 17.

notice any change?

(2) To ascertain that

natural watei^s are im-

pu7^e apply the following

tests to both a river or

well water and to dis-

tilled water.

* Rain water will not respond to these tests. In case the available water

does not give very decided reactions, the instructor will find it advantageous

to substitute a suitably prepared sample.
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I. Place 5“io cc. of the sample in a clean test-tube, and

add a few drops of nitric acid and some silver nitrate solution.

What takes place? 2. To another portion of the water add

hvdrochoric acid and barium choride solution. Result? 3. A
third portion make alkaline (?) with ammonia, and add a

solution of ammonium oxalate (?).

When is a water said to be hard Distinguish between

iemporary and permanent hardness. 4. Place about 100 cc.

of a hard water in a glass-stoppered bottle, and add, in small

portions at a time, a solution of soap in dilute alcohol,^

vigorously shaking the bottle after each addition. Note the

formation of a curdy precipitate ( ?), and that a lather ap-

pears only after a considerable quantity of the soap has been

added. 5, Repeat this expeiiment with rain or distilled water

instead of the hard water (?). 6. Apply this soap test to a

water of which the hardness is due to calcium carbonate

(held in solution by carbon dioxide), and also to this water

after it has been boiled (?), 7. Apply the soap test to water

containing calcium sulphate, both before and after boiling the

sample.

How is the degree of hardness determined in a given sample

of water?

(3) I. Heat a little vegetable matter in a dry test-tube.

2. Heat fresh meat in the same manner. 3. Carefully heat

crystals of zinc or copper sulphate in a test-tube. What
happens in these experiments? 4. Expose clear crystals of

sodium phosphate, on a watch crystal, to the air. 5. Do the

same with pieces of calcium chloride. Results?

(S) Determine the Quantitative Composition of Water.

I. The composition of water by weight follows from the ex-

periment of reducing oxide of copper described under hydro-

gen.

* Prepared by dissolving about 10 grams of Castile soap in a litre of 50 per
cent, alcohol.
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2. The relative volumes with which oxygen and hydrogen

unite to form water are determined either by analysis or syn-

thesis. The former has been performed in electrolyzing water.

3. Fill a eudiometer (Fig. i8) with water. Through a

rubber tube admit about 50 cc. of oxygen and then a like

volume of hydrogen. (If the eudiometer is not graduated,

mark these with rubber bands.) Close the open end with

your thumb, leaving some air to serve as a cushion beneath it,

and pass the spark. Remove the thumb, and pour in enough

water to make the levels equal in both limbs. What is the

amount of the contraction ? What is the residual gas? Test it.

Fig. iS. Fig. 19.

(4) Detef'mme the Weight of a Lit7'e of Steam ,—Use the

apparatus of Victor Meyer shown in Fig. xg. C is a vessel

containing aniline. A small glass tube is weighed and filled

with water (not more than .02 gram). Heat the aniline to

its boiling point, and continue heating' until the temperature

is constant (?). Now drop the tube containing the water

through the side-tube b of the vessel d (the bottom of which

should be protected with a layer of asbestos) and quickly

re-cork. When the fall of water in the graduated tube ceases,

read the volume of gas, and note the temperature and pres-

sure of the air.
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The calculation is analogous to that performed under oxygen.

('5) Read carefully the description of experiment 2, p. 99

in Richter.

How many volumes of steam result from the combination

of two volumes of hydrogen and one volume of oxygen?

How would you deduce the molecular formula of water

from the preceding experiments?

HYDROGEN PEROXIDE.—HA-
( 1 ) Add moist hydrated barium peroxide to cold dilute

sulphuric acid. Filter. What does the filtrate contain ?

(2) I, Add a solution of potassium iodide, containing

starch, to a portion of this liquid (?). Ferrous sulphate

hastens the reaction. 2. Cautiously add a dilute solution of

potassium permanganate to another portion (?). 3. To a

third portion add a few cubic centimeters of ether and a drop

of potassium dichromate. Shake the mixture and observe the

result.

Compounds of Oxygen and Chlorine.

(i) Make a dilute solution of caustic potash, and conduct

chlorine into it until the latter is no longer absorbed. Treat

one portion of the product with hydrochloric acid, and
another with sulphuric acid. What re-

sults? Write the equations.

(2) Mix 10 grams of quicklime with

25 cc. of water. After the slaking is

finished, conduct chlorine into the mix-

ture until it is no longer absorbed.

Add hydrochloric acid to one portion

and sulphuric acid to a second portion.
What is set free? Does it bleach?

(3)

chlorine into a hot coficentrated solution of po-
tassium hydroxide till it ceases to be absorbed (Fig. 20).

Fig, 20.
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1

What separates upon cooling? Recrystallize the product

froiD water. Will it give off oxygen upon heating? Try

the action of hydrochloric acid upon a crystal. Allow a

drop of concentrated sulphuric acid to fall upon a small

crystal and warm gently (?). Care I

Observe carefully the behavior of potassium chlorate upon

heating (?).

SULPHUR.—S.

(1) Place a few grams of powdered sulphur in a dry test-

tube, and heat gradually. Observe and describe the changes

which occur.

(2) Dissolve a little sulphur in carbon disulphide and

allow to stand until the liquid has evaporated. What re-

mains?

(3) Determine the specific gravity of sulphur. Water,

previously boiled, is introduced into a flask provided with a

mark (Fig. 21). It is essential that the neck of the flask

should be narrow. Weigh the flask, then place an additional

lo-gram weight upon the right-hand pan of the balance

and small pieces of sulphur upon the left-hand pan,

until the pointer is again in the ' middle. Now intro-

duce the sulphur into the flask. Carefully remove the

water above the mark and re-w^eigh the flask with its

contents. The loss in weight will represent the weight

of a volume of water equal to that of 10 grams of sulphur.

The latter divided by the former is the specific gravity of the

sulphur.

(4) Prepare the vw7ioclinic modification of sulphur by melt-

ing about 30 grams of the ordinary variety in a beaker, stand-

ing on a wire gauze. Stir with a glass rod until the mass is

converted into a mobile, amber-colored liquid, remove the

flame, and allow a part of the sulphur to solidify. Pour off the

liquid portion, and note the form of the crystals lining the

sides of the beaker.

Fig. 21
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(5) To obtain the //as//^ variety, heat 20 grams of sulphur

in a small, round-bottomed flask until it boils, and pour it in

a thin stream into cold water.

Test the solubility of the product in carbon disulphide.

Preserve a portion of it for several days. Does it change?

(6) To a strong solution of yellow potassium sulphide add

hydrochloric acid. What are the properties of the separated

sulphur?

Give a brief outline of the element sulphur
;
compare it

with the previously studied elements.

SULPHUR AND HYDROGEN.

(7) Hydrogen sulphide— (H2S)— is formed with difficulty

from its elements, but is readily obtained by the action of

acids upon sulphides, thus :

—

FeS T H.SO^ = FeSO^ H,S, or Sb.S.* + 61101 2 SbC];j + 3H2S.

The gas is conveniently prepared by the first reaction, in

which cold and dilute acid must be used, the generator being

exactly like those employed in making hydrogen. Hydrogen

sulphide is obtained from antimony sulphide by heating the

latter with concentrated hydrochloric acid.

(8) What are the' properties of hydrogen sulphide? Is it

soluble in water? Does it burn? What are the products of

its comSustion? Hold a porcelain plate in the flame; what

results?

(9) Expose a portion of the aqueous solution of hydrogen

sulphide to the air. What causes it to become turbid and to

lose its odor? Pass a current of the gas into strongly acid

solutions of potassium chromate, potassium permanganate, and

ferric chloride. Describe and explain the occurring changes.

(10) What action has hydrogen sulphide water on litmus?

(11) Pass hydrogen sulphide through solutions of the fol-

lowing compounds, viz, :—copper sulphate, antimony chloride,

lead nitrate, arsenious oxide acidified with hydrochloric acid,

and zinc acetate. Note results carefully.
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Can sulphides be prepared in another manner? (See

Chap. II, §1.)
(12)

Determine the Composition oj Hyd?’ogen Stilphide,

Into a bent tube of hard glass, filled with mercury (Fig.

22), introduce dry hydrogen sulphide.'^ Place a piece of tin

in the bent portion and heat it. Is the

volume of the gas changed after the experi-

ment, and what becomes of the piece of

tin ? Test the gas remaining in the tube.

Do your results enable you to deduce the

molecular formula of hydrogen sulphide?

(See Richter, 5th ed., pp. 78 and 109.)

Trace the similarity between hydrogen sulphide and water.

Write a summary of your experiments on hydrogen sulphide.

Fig. 23.

SULPHUR AND CHLORINE.

(13)

Sulphur Monochloride.— i . Prepare this compound by

conducting dry chlorine over molten sulphur.

The product which distils over is collected in a

dr}' test-tube, kept cold by immersion in ice

water. 2. Redistil the product. Determine

its boiling point in an apparatus similar to that

pictured in Fig. 23. Note the color and odor

of the product. Expose some of it to the air

11 on a watch-glass. Add water to another por-

y tion contained in a test-tube. Note carefully

what happens. Write the reaction, and exam-

ine for all the products.

SULPHUR AND OXYGEN.

(14)

Burn sulphur in the air. Result? Burn pyrite (FeSa)

in the air. What are the properties of the resulting com-

pound? It is sulphur dioxide—SO2.

* The instructor should assist in performing this experiment.

5
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('15) Fit a small flask, as indicated in Fig. 24. Place

copper turnings in it, then add sulphuric acid (strong)

through the funnel tube. Warm. Is the pro-

duct the same as that obtained in 14? Is it

soluble in water? Has the aqueous solution the

same properties as the gas? 2. Pass some of

the gas into solutions of potassium dichromate

and potassium permanganate acidulated with

sulphuric acid. Repeat these experiments with

the aqueous solution instead of the gas. What

happens in each case? 3. Test the aqueous

solution of sulphur dioxide with litmus. What

is this solution commonly called? 4. Fill a dry jar with sul-

phur dioxide gas
;
introduce colored flowers. Note the result.

(16) What is the formula of sulphurous acid? How many

series of salts can it form? How would you designate the

different sodium salts? Add hydrochloric acid to a solution

of sodium sulphite. What follows? Evaporate the solution

to dryness and examine the residue. What is it? Write the

reaction.

Sulphur Trioxide—SO3. (Read Richter, p. 187.)

(17) Sulphuric Acid—H2SO4.—To prepare sulphuric jlcid

arrange apparatus as in Fig. 25. The large flask, represents

the lead chamber of the commercial method. The cork in

it is provided with several perforations through which glass

tubes pass; these serve to introduce the various gases. In

flask a place copper turnings and concentrated sulphuric

acid. When the mixture is heated what gas is evolved?

Flask b contains dilute nitric acid and copper turnings.

What is evolved when heat is applied? Boil water in flask c.

Blow air through d, e serves for the escape of the excess of

gases (?). First introduce into A the products (?) from a
and b, together with air—observe the frost-like deposition

upon the vessel—what is it? Blow steam into A; what be-

Fig. 24.
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comes of the crystalline sublimate? When lo cc. to 20 cc.

of liquid have collected in A, interrupt the experiment, and

study the product carefully, i. Dilute a portion of it with

water; what happens? 2. Test a portion of this diluted solu-

tion with litmus (?)•. 3. Another portion neutralize with

sodium hydroxide and evaporate. What is the residue? Does

it contain any sulphur? Prove this. 4. Add barium chloride

to a third portion of the solution. What is the precipitate?

Fig. 25.

Is it soluble in water or in hydrochloric acid? 5. What is the

action of strong sulphuric acid upon wood or paper? Explain

the cause of this action.

(18) How many series of salts can sulphuric acid form?

Prepare ammonium sulphate, sodium sulphate, sodium hydro-

gen sulphate and copper sulphate. (Read Richter, pp.

183-197.)
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CHAPTER VI.

NITROGEN GROUP—NITROGEN, PHOSPHORUS,
ARSENIC, ANTIMONY AND BISMUTH.

NITROGEN.—N.

Fig. 26. Fig. 27.

(Tj Preparation.— i. In a dish swimming on water place

a piece of phosphorus and ignite it : invert a beaker glass

over it (Fig. 26). What becomes of

the phosphorus? When the latter has

ceased burning, restore the level of

the water, and note the decrease in

the volume of the air. Test the residual

gas with a burning taper. 2. Heat

gently in a small flask or retort a

mixture of one part of potassium

nitrite, one part of ammonium chloride,

one part of potassium dichromate, and

three parts of water: collect the gas over water. Fill five

bottles with this gas.

(2) Has it color, taste, odor? Does it burn or support

combustion? Is the gas heavier than air? Does it unite

readily with other elements? What other gases are invariably

present in nitrogen obtained from atmospheric air, and how
do they affect its density?

(3 ) Determine the Weight of a Litre of Nitrogen .—A round-

bottomed flask is fitted, as shown in Fig. 27. Pour about 30
cc. of water into it, and insert the rubber stopper to the mark.

Boil the water, while the clip is open, until all the air has

been expelled from the flask. Steam should be allowed to

escape for about five minutes. Now close the tube with the

clip, and remove the flame. Cool and weigh the flask. Read
the temperature and barometric pressure in the balance-room.
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Connect the flask with the tube, of the aspirator, con-

taining nitrogen, and arranged as in Fig. 28. The rubber

tube, a, is made to dip under water, and the clip is gradually

opened, allowing nitrogen to enter the flask. Now raise the

vessel containing the water into which the rubber tube dips,

so that the water in it is at a higher level than that in the

aspirator. Close the clip. Disconnect the flask and open the

clip for a moment, to establish atmospheric pressure in the

flask. Weigh. The calculation is identical with that given

for oxygen.

What is the ratio between the weights of equal volumes of

nitrogen and hydrogen?

(4) Is air a chemical compound?

How would you determine the weight of a litre of air?

Fig. 28.

Fig. 29.

Fig. 30.

(5) I. Determinatio7i of the Oxygen in Air by the Fyrogal-

late Method.

—

At the atmospheric temperature and pressure measure off

50 cc, of air in the Hempel burette, shown in Fig. 29. Con-

nect this at c with the capillary of a HempePs compound

pipette (Fig. 30) containing an alkaline solution of pyrogallate

of potash. Open the stop-cocks and transfer the air to the

pipette by raising the tube, a. When this is accomplished

and the capillary of the pipette is filled with water from b^

close the stop-cocks again, Disconnect the apparatus. Shake
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the pipette for several minutes so as to bring gas and absorbent

into intimate contact. Reconnect pipette and burette, and

force the residual gas into the latter. Restore atmospheric

pressure and read the volume. What does

the loss represent ?

2. Explosion McthoiL—To 40 cc. of air

contained in the burette add 40 cc. of pure

hydrogen. Pass this mixture into the Hem-

pel explosion pipette shown in Fig. 31.

Close the stop-cock, d, and the clip, then

connect the platinum electrodes with an

inductor and pass a spark. What takes place? Measure the

volume of the gas remaining. How much of the contraction

was due to oxygen? What is the composition of the gas after

the explosion?

(Study Richter, pp. 116-125.)

NITROGEN AND HYDROGEN.

AMMONIA.

(6) Preparation ,—Heat an intimate mixture of finely

powdered ammonium chloride and caustic lime in a flask

(Fig. 32) ;
conduct the evolved gas through

a tube filled with small pieces of lime, and

collect it in jars or test tubes over mercury.

What is the object of the lime in the

tube? Why can you not dry the gas by

passing it through sulphuric acid or calcium

chloride? Why should it be collected over

mercury?

(7) Is ammonia gas combustible? Does

it support combustion? i. Arrange appa-

ratus as shown in Fig. 33. a is a piece of glass tubing four

to five centimeters in diameter; its lower end is provided with
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a doubly perforated cork, carrying two tubes at right angles.

A slow current of ammonia is made to pass through the larger

tube, while oxygen is introduced by means of the smaller tube.

A plug of cotton serves to distribute the

latter gas. Carefully regulate the flow of

the gases and apply a lighted taper to the

escaping ammonia. Note the peculiar ap-

pearance of the flame. 2. Heat concen-

trated ammonia water in a beaker until

there is an abundant disengagement of gas,

then conduct a rapid current of oxygen

through the liquid, and lower a glowing

spiral of platinum into the beaker (as in

Fig. 34). What happens?

Note the odor of ammonia (caution?).

Is it lighter than air? Soluble in water?

(8) P7'epare an Aqueous Solution of Amvi07na.

What are its properties?

Add red litmus to some of the solution (?), and then

neutralize carefully with dilute hydrochloric

acid. Evaporate to dryness. Compare the pro-

duct with the ordinary ammonium chloride.

Test it for chlorine ( ?). Heat a little of it with

sodium hydroxide (?). Heat another portion

on a platinum foil (?).

(9) Dete7
'
77iine the Weight of a Litre of

A 77i 77ionia,

Fill a dry flask with the gas by upward dis-

placement, and proceed exactly as under chlorine. What is

the density of ammonia?

To determine the quantitative composition of ammonia,

perform experiments i and 2 on p. 130, in Richter.

Write out summary. (Read Richter, pp. 1 25-1 30.
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NITROGEN AND THE HALOGENS.

( 10) Pour a saturated alcoholic solution of iodine in to strong

ammonia water. Collect the precipitate on a filter and wash

it with water. Open the moist hiter
;

tear it into small pieces

and spread these on a board. After they have become dry,

touch them with the end of a rod (?). Askfor instructions /

(Read Richter, pp. 133 and 134O

NITROGEN AND OXYGEN.

(11) Nitrous Oxide—N2O.— i. Place about twenty grams

of ammonium nitrate in a small retort, and heat gently.

Collect the product over warm water. 2. Test it with a glim-

mering chip; 3, with burning phosphorus; 4. with burning

sulphur. 5. Mix equal volumes of this gas and of hydrogen,

and apply a flame. What other gas does it resemble in its

properties? (Read Richter, p. 21 t.) How can they be

distinguished?

(12) Nitric Oxide—NO.— i. Pour dilute nitric acid (sp.

gr. 1.2) upon copper turnings contained in an evolution flask.

Cool, and allow the red fumes, which form at first, to escape

;

then collect the colorless product over w^ater. 2. What oc-

curs when the gas comes in contact with the air? Is it the

oxygen or the nitrogen of the air that acts upon the gas? 3.

Apply the tests given under (ii) to this gas (?). How can

nitric oxide be distinguished from nitious oxide? 4. Fill a

cylinder with nitric oxide, and add a few drops of carbon di-

sulphide, shake well and bring a flame to the mouth of the

vessel (?). 5. Pass a current of nitric oxide into a strong

solution of ferrous sulphate. What occurs? After the solu-

tion has become saturated with the gas, heat it to boiling (?).
6. Pass the gas into a solution of potassium permanga-

nate (?).

(13) Nitrogen N2O3—(Read Richter, p. 208.)
Nitrous Acid—HNOj (Richter, pp, 205-206).
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(14) Nitrogen Pei'oxide, and NO,.— i. Heat 10

grams of dry lead nitrate in a test-tube : condense the escap-

ing vapors in a receiver, surrounded by a freezing mixture.

What are the vapors, and what is the condensed liquid?

What changes do you observe on taking this liquid out of the

freezing mixture? 2. What is the action of cold water, and of

aqueous solutions of the alkalies upon nitrogen peroxide?

What do these reactions indicate in respect to the composition

of this compound? (Richter, pp. 206, 207.) 3, What is its

action upon potassium iodide ?

(15) Nitrogen Pentoxide, NPg.—(Richter, p. 204.)

NITRIC ACID.-.HNO3.

1. Preparation,—In a retort heat a mixture of sodium

nitrate and sulphuric acid in proportions corresponding to

the equation (?) :

'

NaNOg 4- H2SO4 ^NaHSO^ 4- HNOg.

Collect the product in a cold receiver.

2. What are the physical properties of nitric acid? Color?

Odor? Action on litmus (dilute with water)? 3, What
action has it on indigo? Upon the skin? 4, Notice the

effect of the acid upon the following metals : copper, zinc,

iron, lead, tin. Write the reaction for each one. 5- Cover

powdered sulphur with the acid, and warm (?). Dilute with

water, filter, and test the liquid with barium chloride (?), 6.

Add a few drops of nitric acid to a solution of ferrous sul-

phate (?) ;
warm the solution (?).

Problems,— i. Required one cu. m. of nitrogen. How
much air is to be deprived of oxygen

; and how much phos-

phorus must be burned, if 62 parts of the latter unite with 80

parts of oxygen ?

2. How much nitric acid, containing 46 per cent, of water,

may be obtained from 1,700 grams of sodium nitrate, and how
much water must be taken?

6
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3. How many grams of ammonia will be absorbed by five

litres of water, if the latter absorbs 500 times its volume of the

gas?

4. Ten litres of water having absorbed 700 times their

volume of ammonia, what are the least amounts of ammonium

chloride and caustic lime necessary for producing this solution ?

PHOSPHORUS.—P.

(i) I. Determine the physical properties of the active and

the m/ %^arieties. 2. Allow a small piece of the active variety

to ignite in the air. Will the red variety do this? 3. Throw

a small piece of the yellow variety into a jar of dry chlorine (?).

Repeat with the red variety ( ?). 4. Bring a small dry piece

of active phosphorus in contact with iodine (?). 5. Heat a

flask containing a small piece of phosphorus and water until

ihe former is melted, then pass a current of oxygen through a

delivery tube into the melted phosphorus (?) Care! (Study

Richter, pp. 135-^370

Fig. 35-

phosphorus AND HYDROGEN.

(2) Phosphine—PH,. To prepare phosphine arrange appa-

ratus as shown in Fig. 35.

A strong solution of caustic

soda is placed in the flask, to

which are added a few pieces

of phosphorus. The air in

the flasl^ is now displaced by

passing a current of coal gas

through it. When this has

been done close the clip,

and gently heat the contents

of the flask. What becomes of the gas as it escapes into the

air? Write the reaction involved.

(Richter, pp. 138-139.)

Is there any similarity between phosphine and ammonia?
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,
• PHOSPHORUS AND THE HALOGENS.

(3) I. Pass a current of dry carbon dioxide gas into a

retort, the bottom of which is covered with dry sand. When
all the air has been expelled, introduce some well-dried pieces

of phosphorus, and replace the carbon dioxide by a stream of

dry chlorine. Connect the neck of the retort with a Liebig’s

condenser, and collect the product in a receiver. It is phos-

phorus trichloride. What are its properties? Pour some of

it into water (?).

2. Place a little phosphorus trichloride in a dry test-tube,

and pass a stream of dry chlorine upon its surface. What is

the result?

PHOSPHORUS AND OXYGEN.
(Richter, pp. 213, 214)

(4) T. Prepare phosphorus penioxide^ ^2^5? ^

carefully dried piece of phosphorus under a dry bell-jar. 2.

Drop a portion of the product into water (?).

(5) Orthophosphoric Acid, H^PO^; Meiaphospheric Acid,

HPOg; and Fyrophosphoric Acid, H^P^O,.—How are these

acids obtained? How many series of salts are derived from

them ? By what names would you distingwsh the different salts?

I. Dissolve some disodium hydrogen phosphate, NUgHPO^

in water and test the solution with silver nitrate and ferric

chloride. What do you observe in each case? 2. Dissolve

fused sodium phosphate in water, and perform the same tests

with its solution. 3. Heat salt of phosphorus (NaNH^HPO^)

until it no longer effervesces ; cool, crush the residue in a

mortar, and dissolve it in water. How does this solution

behave upon treating with the above reagents? 4. Acidify a

portion of the last-named solution with acetic acid, and add

a solution of albumin to it. Result?

(6) Phosphorus Trioxide—PgOg, and Phosphorous Acid—
H3PO3.
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Pour phosphorus trichloride into water. Evaporate the

solution to syrupy consistence (?).

(Study Richter, p. 215.)

( 7 ) Hypophosphoi'oiis Acid— HjjPO^.

Heat pieces of phosphorus in a porcelain dish with a mod-

erately strong baryta solution (see p. 42). When no more

hydrogen phosphide is formed, cool, filter, and pass carbon

dioxide into the solution until it shows a neutral reaction to

litmus. Toward the end, the solution should be warmed.

Filter and evaporate to suitable concentration. Hypophos-

phite of barium will crystallize.

How may the free acid be obtained from this salt?

• ARSENIC.—As.

(1) Study the physical and chemical properties of this ele-

ment. (Richter, p. 143.) Are they analogous to those of

phosphorus ?

I . In a tube of hard glass closed at one end heat a small

piece of arsenic to redness. Result? 2. Heat arsenic with

the oxidizing flame upon charcoal ( ?). 3. Dissolve powdered

arsenic in strong nitric acid (?).

ARSENIC AND HYDROGEN.

(2) Ferfonn Mars/i’s Testfo?' Arsenic

F

Arrange the appa-

ratus shown in Fig.

36. To the mixture

of zinc and dilute sul-

phuric acid contained

in a, add a small por-

tion of the solution to

be tested for arsenic.

The liberated gas con-

tains hydrogen and arsine. It is passed through c, filled with

* Ask for instructions.
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i,.
. .

calcium chloride (?), and then through d,2u tube of hard

glass, contracted at several places. After all the air has been

expelled from the apparatus, ignite the hydrogen. If arsenic

is present it will burn with a bluish-white flame, and white

vapors will be given off. Hold a cold porcelain plate in the

flame (?). Heat the tube as shown in the figure (?),

Great care must he exercised in pe7'for7ning this test, as the

a?'sine gas is extremely poiso?wus,

ARSENIC AND OXYGEN.

(3) Af'senious Oxide—As^Og. i. Prepare a little of this

substance by heating powdered arsenic in a hard glass tube

open at both ends. 2. Resublime the product by heating in

the Bunsen flame. Examine the sublimate under a lens (?).

3. Dissolve this sublimate in warm dilute hydrochloric acid,

and 4. to one portion of the solution add hydrogen sulphide

water (?). 5. Boil the remainder of the solution and im-

merse a clean piece of copper foil in it What happens? 6.

Sublime a very little of the oxide over a glowing splinter of

charcoal. Why is this oxide spoken of as a trioxide? By

what name is it commonly known ? What is the best antidote

for arsenious oxide?

(4) Arsenious Acid—HgAsOg. Is this compound known

in a free state? What is the composition of its salts?

I. Dissolve pure potassium arsenite in water and add a

solution of silver nitrate. 2. Divide the resulting mixture into

two parts ;
to one of these add ammonia water, to the bther

nitric acid. What happens in each case? 3. Add a solution

of copper sulphate to another portion of the potassium arsenite

in water; a precipitate is formed (?). Try its solubility in

caustic soda (?). Heat the solution. What happens?

(5) Arsenic Oxide and Acids.- Compare these with the

corresponding compounds of phosphorus. Can you trace any

analogies in the composition, crystalline form and solubility of

the phosphates and arseniates?
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Use a solution of pure potassium arseniate for the following

experiments : i. Add a silver nitrate solution to some of the

diluted liquid. What takes place? 2. Try the solubility of

the precipitate in ammonia ( ?), and in nitric acid (?). 3.

Add ammonia water and a magnesia mixture ” to another

portion of the original solution (?). 4. Add nitric acid and

ammonium molybdate to a third portion. Cautiously heat the

mixture and observe the result. 5. Acidify some of the

arseniate solution and study the effect of hydrogen sulphide

upon it, both in the cold and when heating (?).

ANTIMONY.—Sb.

(1) Heat a small piece of antimony to redness in a tube of

hard glass closed at one end. 2. Repeat the experiment,

using an open tube. 3. Heat antimony upon charcoal and

drop the melted globule upon a sheet of Manila paper on a

board. 4. Heat powdered antimony with strong nitric

acid (?).

ANTIMONY AND OXYGEN.

(2) A 7itmo7tioiis Oxide—Sb20jj. i. Is it soluble in water?

in alkalies? 2. Dissolve some of the oxide in hydrochloric

acid. Add a large quantity of water to a small portion of this

solution (?). To a second portion add tartaric acid or mono-
potassium tartrate. Result? To a third portion of the anti-

mony chloride solution add hydrogen sulphide (?). Perform

Marsh’s test with antimony. Distinguish between stibine and
arsine.

I. Treat the metallic mirrors obtained in Marsh’s apparatus

with a freshly prepared solution of hypochlorite of sodium

:

arsenic dissolves readily, while antimony is scarcely acted

upon. 2. Heat a piece of the tube in which a mirror has

formed, in the flame of the Bunsen burner. Dissolve the pro-

duct in dilute, warm hydrochloric acid, and add hydrogen
sulphide water (?). 3. Treat the spot formed upon a cold
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porcelain plate with yellow ammonium sulphide, and evapo-

rate the solution at a gentle heat (?).

Problems.—(i) How much phosphorus can be obtained

from 250 grams of bone ash, containing of Ca3(PO^).,?

(See Richter, p. 135.) (2) 10 grams of phosphorus will

give what volume of phosphine? (3) What is the weight of

the product remaining, after evaporating a solution of 10

grams of arsenic in nitric acid? How many grams of residue

would be obtained if 2.5 grams of antimony were treated with

an excess of nitric acid, and the product strongly ignited?

CHAPTER VII.

CARBON GROUP-CARBON AND SILICON.

CARBON.—C.

(i) How many allotropic modifications of this element are

known? What are their principal properties? In a rather

wide tube collect dry ammonia gas (50-100 cc.) over mer-

cury, With the aid of a forceps insert a piece of charcoal,

which has just been ignited. What happens? 2. Boil a

dilute litmus solution with powdered animal charcoal
; filter.

Result? 3. Substitute indigo for the

litmus in the preceding experiment

(?)•

(4) Determination of the Composi-

tion of Coal.

I. Volatile matter and coke. Weigh

out two grams of powdered coal in

a platinum crucible provided with a

well-fitting cover. Heat with a large

flange, until the escaping gases cease

to bum betwe'en the lid and the crucible. A blast lamp flame

is applied for a minute longer. Cool and weigh. Loss in

Fig. 37-
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weight represents the volatile matter. The residue is called

coke.

2. Ash. A second portion of coal (one gram) is gently

heated over the Bunsen flame until the volatile constituents

are expelled. The heat is then raised and the lid of the

crucible placed in the position indicated in Fig. 37. The

residue is the ash.

(Read Richter, pp. 149-15 1.)

CARBON AND HYDROGEN.

(2) Methane (IMarsh gas)—CH^.

I. Preparation .—Heat a dried mixture of sodium acetate

and soda lime in an iron tube.^' Collect the gas over water.

Note its color, odor, and taste. Does it burn? 2. Mix one

volume of it with seven to eight times its volume of air and :

explode by applying a flame. (Ask for instructions !)

How would you determine the molecular weight of this

compound?

(3) Measure off accurately 8-10 cc. of Marsh gas in a

Henipel burette; transfer this volume to an explosion pipette,

and add about ten times its volume of air (the volume of

which has also been accurately measured). Explode the

mixture as described on p. 38 and measure the volume of the

remaining gases. Transfer these to a pipette, containing .

potassium hydroxide solution, to absorb the carbon dioxide,

and again measure the gas. Show how the formula of

methane may be deduced from these results.

(4) Ethane—CgHg. (Richter, p* 153.)

(5 ) Acetylene—C^H^. Throw fragments of calcium carbide,

C^Ca, into a beaker nearly filled with water. Acetylene gas

is set free. Fill a few test-tubes with this gas by wet dis-

placement. Note its odor. Why does it burn with a smoky^
flame? Can it be used for illuminating purposes?

(6) C.4.RBON AND THE Halogens. (Richter, p. 159.)

A hard glass tube vtOI answer.
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CARBON AND OXYGEN.

( 7 ) Ca 7'bon Dioxide—CO2.

I. Preparation .—Pour dilute hydrochloric acid (i HCl

:

i~2 HjjO) upon pieces of marble, contained in an evolution

flask. Conduct the resulting gas through water and through

concentrated sulphuric acid. It may be collected either by

downward displacement of the air or over mercury. 2. Note

color, taste and odor of this gas. Is it soluble in water?

How does its weight compare with that of air? Does it burn

or support combustion? 3. Conduct a current of carbon

dioxide into a solution of sodium hydroxide, evaporate the

liquid, and test the residue for sodium carbonate (?). 4.

To different portions of .the sodium carbonate solution add

solutions of magnesium sulphate, barium chloride, lead nitrate

and zinc sulphate.

(Study Richter, pp. 227-231).

(8) Carbon Monoxide—CO.

Preparation.— i. In a tube of hard glass heat zinc dust to

faint redness, while conducting a slow current of carbon

dioxide over it. In what respect does the product differ

from carbon dioxide? 2. Heat crystals of oxalic acid with

concentrated sulphuric acid in a flask, and wash the product

with a sodium hydroxide solution. Write the reaction. Study

the properties of this gas. (Richter, p. 231.)

(9) Carbon Disulphide—CS^.

Place 1-2 cc. of carbon disulphide in a porcelain capsule

and blow a strong current of air upon it (?). What occurs

in bringing together i cc. of carbon disulphide and 5 cc. of

water? the same quantity of carbon disulphide and 5 cc. of

alcohol or ether? Drop a -small piece of phosphorus into i

cc. of carbon disulphide (?). Dip a slip of tissue paper into

this liquid, then expose the paper to the air for a few moments

—what occurs?

7
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(10) Carbon and Nitrogen.

r. In a dry test-tube heat a nitrogenous carbon compound

with a small piece of potassium. Cool and add water. Po-

tassium cyanide is formed. To a portion of its aqueous solu-

tion add a ferrous and ferric salt. Make the liquid distinctly

alkaline with sodium hydroxide (?). Acidify with hydro-

chloric acid. What occurs? 2. Convert a portion of the

potassium cyanide into potassium sulphocyanide by evaporat-

ing with ammonium sulphide. Test with ferric chloride. 3.

To a solution of ferrous sulphate add potassium ferrocyanide.

What results? 4. What is the action of the ferrocyanide

upon solutions of ferric salts?

(11) Study the nature of flame. Make the experiments

described in Richter, pp. 155, 156.)

SILICON.—Si.

( 1 )
Preparation,—Make an intimate mixture of one gram of

magnesium powder and four grams of finely powdered quartz-

sand. Heat this to bright redness in a wide tube of hard

glass. It is best to use the blast lamp for this purpose. The
part of the tube containing the mixture should be rotated in

the flame. The residue, after a few minutes’ heating, is

allowed to cool, and treated with water containing hydro-

chloric acid. The product consists of amorphous silicon and
undecomposed quartz. 2. Test the action of the following

reagents upon silicon ; sulphuric, nitric and hydrofluoric acids,

potash solution and chlorine. (Read Richter, p. 160.)

SILICON AND OXYGEN.

(2) Silica?! Dioxide (Silica, Quartz)—SiO^^

1, Test its solubility in the various acids and alkalies,

2, Fuse a mixture of onegramof finely powdered quartz with
four grams of sodium carbonate, in a platinum crucible. Dis-

solve the product in water. 3. To a portion of this solution
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add hydrochloric acid, and evaporate to complete dryness.

Take up the residue with water and filter off the insoluble

portion ( ?). 4. To another portionrof the aqueous solution of

the fusion add ammonium chloride (?). 5. Make a bead of

salt ofphosphorus ; bring a fragment of a silicate or of quartz

into it, and heat in the blow-pipe flame for a few minutes (?).

BORON.—-B.

(1) Preparation similar to that of silicon. What are its

properties? Does it unite directly with other elements? Is

it known in several aliotropic modifications? What is the

valency of this element?

(Read Richter, pp. 241 and 243.)

BORON AND OXYGEN.

(2) Boric Acid—H3BO3.

I. Dissolve borax in five parts of boiling water, add hydro-

chloric acid to acid reaction, and allow to cool. What

crystallizes out of the solution? Dry some of the product

by pressing it between filter paper. Test its solubility in

water and in alcohol. W^hat do you observe on igniting the

alcoholic solution ? Moisten a piece of turmeric paper with

an aqueous solution of boric acid, and dry at a gentle heat

What happens?

Problems.—(i) How much carbon dioxide results from the

combustion of 12 grams of carbon? (2) How much carbon

dioxide will an indefinite quantity of calcium carbonate give,

when acted upon by 4.666 grams of muriatic acid, containing

30 per cent, of pure hydrogen chloride gas? (3) How many

cubic decimeters of carbon monoxide can be obtained from

90 grams of oxalic acid? (4) What amount of silica can be

obtained from two grams of wollastonite (CaSiOg)? (5)

WTat is the theoretical quantity of boric acid obtainable from

15 grams of borax (Na^B^O^ 4- loH^O)?



METALS.

CHAPTER VIII.

METALS OF THE ALKALIES—POTASSIUM, SODIUM,
[AMMONIUM].

POTASSIUM.—K.

(1) Preparation .—Arrange apparatus as shown in Fig. 38.

Into a tube of hard glass introduce a porcelain boat contain-

ing about one gram of a

mixture of 138 parts

( I molecule) of dry (?)

potassium carbonate
and 72 parts (3 atoms)

of- magnesium powder.

Pass a current of dry

hydrogen over it, and

after all the air has been
displaced in the apparatus (?), light the escaping gas; heat

the part of the tube surrounding the boat to incipient redness.

Observe the brilliant metallic mirror which is formed, and
drive it away from the boat by increasing the temperature

; it

is potassium. Note also the green color of the vapor and
the violet coloration it imparts to the burning hydrogen.
What is the residue left in the boat? Test its reaction with
litmus (?).

Formulate the reaction involved in this method of prepara-
tion.

(2) X, Cut a piece of potassium with a knife, and observe

(.50
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the color and lustre of the fresh surface. CareI 2. To as-

certain whether the metal is fusible, heat a small piece of it in

a stream of hydrogen. 3. Is it heavier or lighter than water?

(3) I. Expose a thin slice of potassium to the air. What

takes place? 2. Throw a small piece of it upon water (?).

In this- experiment it is advisable to use a tall beaker and to

cover the same with a glass plate. 3. What is the action of

the halogens upon potassium ? Askfor msiructions,

POTASSIUM AND OXYGEN.

(4) Preparation ofPotassium Hydroxide.—In an iron vessel

dissolve 50 grams of crystallized barium hydroxide, Ba(OH).,j

in t6o cc, of water. Cautiously add a hot concentrated solu-

tion of 20 grams of potassium sulphate until a sample of the

supernatant liquid is no longer precipitated by either potas-

sium sulphate or barium hydroxide. Filter rapidly through a

plaited filter, and evaporate the solution in an iron or silver

dish over a large flame. Continue heating the residue till it

appears in a state of quiet fusion. During this operation pro-

tect the eyes with a glass plate. Now pour the product upon

a clean iron surface, and while still warm put it into a bottle

provided with a well-fitting stopper. Examine its fracture

and color. Try its solubility in w’-ater and in alcohol. What

is the reaction of the aqueous solution with litmus? What is

an alkali ?

^ Salts.

(5) Potassium Chlorate.— KlCOg. (See p. 277.)

(6) Potassium Nitrate.—KNO^.—Add a solution of 18

grams of potassium chloride to a hot concentrated solution of

20 grams of sodium nitrate. Boil. What separates from' the

war7n mixture? What crystallizes from the mother liquor on

cooling? Recrystallize the latter product. Examine its

crystalline form. Is it more soluble in hot than in cold

water? Explain the method of preparation.
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(f) Throw small portions of an intimate mixture of lo

grams of potassium nitrate and grams of charcoal powder

into a red-hot platinum crucible. What takes place? Write

the reaction. What is gunpowder?

Reactions,

(S) Use potassium nitrate for the following tests ;

—

I. Place a little of the salt upon the end of a clean platinum

wire and introduce it into a non-luminous flame. What color

do you observe? View the flame through a cobalt glass (?).

2. To the aqueous solution of the potassium salt add hydro-

chloric acid and boil. Concentrate by evaporation and add

platinic chloride. What is the composition of the resulting

precipitate? Try its solubility in hot and in cold water,

also in alcohol. 3. To the concentrated solution of the nitrate

add a saturated solution of tartaric acid
;

either at once, or on

shaking, a white crystalline precipitate appears (?). 4. Di-

vide the liquid, with this precipitate suspended in it, into three

parts, and observe that the precipitate dissolves (a) upon

boiling, (b) when adding hydrochloric or nitric acid, and (c)

when adding ammonia or caustic potash. Explain the differ-

ent causes which bring about this result.

SODIUM.—Na.

(1) How is this metal usually prepared?

(2) Study its physical and chemical properties (Richter, p^.

284). Wherein does it differ from potassium?

(3) Prepare Sodium Amalgam,

To 500 grams of dry mercury, contained* in a Wedgwood
mortar, add gradually 5-10 grams of sodium in thin slices.

Perform this operation in a good draught chamber, as the

union of the two metals is attended with the evolution of light

and heat, and poisonous vapors are given off. Stir well with

the pestle, allow to cool, and transfer the product to a well*
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Stoppered bottle. What is its action on water or dilute sul-

phuric acid?

SODRJM AND OXYGEN.

(4) Preparation of Sodium Hydroxide Solution.

Add a little water to lo grams of fresh quicklime contained

in an iron (or porcelain) vessel. Cover the latter, and in a

second iron pot dissolve 25 grams of soda ash (Na^CO^), using

about 100 cc. of water. Heat the solution to boiling; stir

the quicklime—which should have broken up to a white pow-

der—with enough water to form a thin paste (milk of lime,

)

and add this gradually to the boiling liquid. Stir well with

an iron wire
;

transfer the mixture to a bottle ;
cork, and

allow it to stand. After the supernatant liquid has become

perfectly clear, decant it by means of a glass siphon hlled with

water. It should be preserved in a tightly-stoppered bottle ( ?)

.

Test a few drops of the solution with barium chloride (?).

What should the solution contain, and of what does the pre-

cipitate, from which it was separated, consist? Write the

equation representing the reaction.

(5) Determine the Amount of NaOH contained in the

Solution.

Measure oE accurately 20 cc. into a porcelain dish ; add a

drop or two of a phenolphthalein solution, and dilute with

water. From a burette carefully add dilute hydrochloric acid

until the red color has Just disappeared. Read off the volume

of the acid used
;

it is the exact quantity needed to neutralize

the alkali :

—

NaOH 4- HCl = KaCi + H.p;

that is, 40 parts (one molecule) of sodium hydroxide require

36.5 parts (one molecule) of hydrochloric acid, and if we

know the weight of the latter contained in the volume of the

dilute acid consumed, a simple proportion will give the weight

of the alkali in 20 cc, of the solution. The strength of the

acid is determined as follows : In a porcelain dish dissolve i .06
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grams of pure sodium carbonate, previously ignited and ac-

curately weighed
;
add a little phenolphthalein, heat to boil-

ing and introduce acid from the burette until the liquid remains

colorless after continued boiling. The carbonate is then ex-

actly neutralized ;

—

NaXOa 4- 2HCI ^ 2NaCl -h CO., -f- Hp.

It takes, therefore, 73 parts of hydrochloric acid for 106 parts

of sodium carbonate. Suppose, now, 20 cc. of the acid had

been used to decolorize the indicator, then one cubic centi-

meter would equal == 0-053 gram of sodium carbonate or

0.0365 gram of hydrochloric acid. The latter number is the

standard or strength of the dilute acid.

The phenolphthalein takes no part in these reactions; it

mdicates complete neutralization of the alkali by its

change of color. Why is it necessary to boil the solution when
the acid is standardized with a carbonate?

Salts.

(6) Sodium Chloride—NaCl.

Purify Common -Grind 50 grams of salt in a mortar

with 150 cc, of water. Filter into a beaker, and conduct

hydrochloric acid gas into the solution, as shown in Fig. 39,

Pure salt separates out. Collect it on

a platinum cone, remove the liquid

with the aid of a filter pump, and dry

the salt by warming it in a porcelain

dish, while stirring it with a glass

rod.

(7) Sodium Carbonate Na^COg.

—

Fecrystallize some of the commer-
cial carbonate. Heat a portion of

the product in a porcelain dish. What do you observe?

Formation 0/ Sodiimt Carbonate.

(i) Prepare a firrely divided mixture, consisting of six partg
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of dehydrated sodium sulphate (Glauber’s sail), four parts of

chalk, and one part of carbon. Heat this upon a platinum

foil over a blast lamp until it fuses. After cooling, place the

foil in a porcelain dish, add a little water, and heat to boil-

ing. Filter the solution into a.test-tube, and to a portion of

the filtrate add hydrochloric acid. What happens? It indi-

cates the presence of what? To a second portion of the filtrate

add hydrochloric acid. In the mouth of the test-tube suspend

a strip of filter paper previously moistened with lead acetate.

What happens? Explain. This experiment may be said to

illustrate what technical process?

(2) Make a cold saturated solution of ammonium carbonate

by shaking the finely divided commercial salt repeatedly with

cold water. A saturated sodium chloride solution is prepared

in the same manner. Conduct a current of carbon dioxide

into the ammonium carbonate solution, and occasionally

shake the vessel containing the solution. In the course of

half an hour mix the two liquors, shake the mixture vigor-

ously, run in the carbon dioxide again, and alternate these

operations until a crystalline precipitate separates. What is

it? Dissolve a portion of it in water, add hydrochloric acid.

Dip a clean platinum wire into the solution and hold it in a

colorless Bunsen fiame. What name is given to the technical

process based on this principle?

' Reactions*

(8) Use the purified chloride for !he tests, i. What color

do sodium salts give to the flame? Examine the sodium

flame by means of a spectroscope, and compare its spectrum

with that of potassium compounds (see Richter, p, 283). 2.

Mix a drop of the aqueous solution with 10 drops of a platinic

chloride solution on a watch-glass. Evaporate very €a7‘efidly

to a small volume. On cooling, a red-colored salt crystallizes

out in long monoclinic needles ( ?). Is it soluble in watet? in

8
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alcohol? 3. Are there any salts of sodium which are not solu-

ble in water? Can compounds of sodium be precipitated by

any reagent?

AMMONIUM.

(r) What is the composition of ammonium? Can it be

obtained in a free state? (See Richter, p. 296.) To a warm

concentrated solution of ammonium chloride, contained in

a large dish, add sodium amalgam (see p. 54 )* What

occurs? Hold a piece of reddened litmus paper over the

dish (?).

(2) Dissolve commercial sal ammoniac in a little water,

add ammonia in slight excess, warm, filter if a precipitate is

formed, and evaporate to crystallization
;

stir constantly.

Ammonium chloride is thus obtained in the form of a fine

powder.

Reactions,

(3) I. On a piece of platinum foil heat successively small

portions of the chloride, the sulphate, and the nitrate. What

occurs in each case? 2. Mix a little ammonium chloride with

burnt lime in a small mortar. Note the odor of the escaping

gas and its reaction with litmus. 3. Heat a small portion of

ammonium chloride with a caustic soda solution. Whar is

given off? Explain the action of strong bases upon ammo-

nium salts. 4. Add platinic chloride to a solution of ammo-

nium chloride. Result? 5. To a concentrated solution of

the ammonium salt add tartaric acid and shake the rnix-

ture (?). 6, Do compounds of ammonium impart a color to

the flame?

Compare the metals of the alkalies with each other. How
can the compounds of potassium, sodium, and ammonium be

distinguished?

Problems*— i. How much potassium nitrate is theoretically
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obtainable from two kilograms of Chili saltpetre of 97 per

cent., and what amount of sylvite containing 98 per cent of

potassium chloride is required? 2. Suppose that 75 cc. of

dilute nitric acid were required to saturate 50 cc. of a potash

lye ;
further, that 10 cc. of the acid neutralized 1.06 grams of

sodium carbonate, what amount of caustic potash would the

lye contain? 3, In the valuation of a pearl ash (impure

KgCOg), 29.1 cc. of a sulphuric acid were used to neutralize

five grams of the sample ; the acid contained 98 grams of sul-

phuric acid per litre
;
calculate the percentage of impurities

in the product. 4. Required the minimum amount of marble

that should be burnt to liberate the ammonia from 50 grams

of ammonium nitrate.

CHAPTER IX.

METALS OF THE ALKALINE EARTHS—CALCIUM,
STRONTIUM, BARIUM.

CALCIUM.—Ca.

CALCIUM AND OXYGEN.

(1) I. Ignite one-half gram of powdered marble in a plati-

num crucible to the highest temperature obtainable with the aid

of the blast lamp. Continue this for 15 minutes, occasionally

stirring the mass with a platinum wire; what is the residue?

Explain the reaction. 2. Add about two cc. of water to the

product. What do you observe? Test the reaction of the

product with litmus paper.

(2) I. Prepare Lune- Water,—To the slaked lime obtained

from twenty grams of quicklime (see p. 55) add one litre of

water
;

transfer the mixture to a bottle. Cork tightly, shake

and allow to stand. When the solution has become clear,

draw it ofiE by means of a siphon. What does it contain?
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Of what does the undissolved portion consist? 2, Place a por-

tion of the lime-water on a watch-glass and expose to the air ( ?)

3. Through a second portion blow air from your lungs (?). 4.

Conduct a stream of carbon dioxide through a third portion

and observe carefully the successive changes. Explain them.

5. What takes place upon boiling the clear solution which is

obtained as the final product in the preceding experiment?

Salts,

(3) Calcium Chloride,~C?iC\.

i. Evaporate some of the spent acid of a carbon dioxide

generator to dryness. What is the residue? 2. Expose a

little of the salt to the air ( ?). 3. What use have you made of

calcium chloride previously ? 4. Prepare po?'ous calcium cJilo-

ride (CaCl^ 4- 2H2O). Dissolve the residue obtained in i in

lime-water, filter, and neutralize exactly with hydrochloric

acid. Evaporate the filtrate to dryness in a porcelain dish,

and heat the residue for some time on the sand-bath. The

solution of the product must show a neutral reaction.

(4) Calcium Hypochlorite,—Ca(C10)2. (See p. 30.)

(5) Calcium Stdphate,—CaSO^.

I. Ca^^efully heat a few grams of gypsum in a porcelain dish

until the water of crystallization is completely expelled.

Pulverize the residue. What happens when it is made into a

paste with water and allowed to stand?

Reactions,

Use the pure calcium chloride for the following tests :—
I. Introduce a small portion of the salt into the Bunsen

flame by means of a platinum wire (?). 2. To the aqueous

solution add ammonium carbonate. Result? 3, To another

portion add a solution of potassium sulphate. What is the

composition of the precipitate? Why does it not form in

very dilute solutions? 4. Add ammonia water and ammon-
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1

ium oxalate to the filtrate from the calcium sulphate. Why
does this reaction afford the most delicate test for calcium ?

STRONTIUM.—Sr.

Reactions,

I. What color is imparted to the Bunsen flame by com-

pounds of this element? 2. Add ammonia water and ammon-
ium carbonate to the solution of any soluble salt of strontium

(?). 3. To another portion of the solution add a solution of

calcium sulphate. What do you infer from your observation

regarding the relative solubilities ‘of calcium and strontium

sulphates?

BARIUM.—Ba.

Reactions,

1. Observe what color barium compounds give to the flame.

Moisten the sample with hydrochloric acid before heating

it (?). Examine and compare the spectra of the alkaline

earth metals, using the chlorides to produce the colored flame.

2. To a portion of the aqueous solution of barium chloride

add ammonia water and ammonium carbonate. What results?

3, Add a gypsum solution or dilute sulphuric acid to another

portion. What takes place? 4. To a third portion add a

potassium chromate solution (?), Try the solubility of the

resulting precipitate in acetic acid and in hydrochloric acid.

Point out how the elements of this group may be dis*^

tinguished (^7) from those of the preceding group; {b) from

one another.

Problems,— i. How much nitric acid of 20 per cent, will

effect the solution of one gram of Iceland spar (CaCOg)?

How much carbon dioxide is given off, and what volume

would it occupy at 20"^ C. under a pressure of 750 mm.? 2.

Suppose 0.5 gram of sulphur were dissolved in nitric acid, what
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quantity of barium chloride must be added until ft ceases to

produce a precipitate? 3. One gram of a mineral consisting

of the carbonates of calcium, strontium, and barium, in the

proportion of their molecular weights, will leave what weight

of the mixed sulphates on treating and evaporating with an

excess of sulphuric acid?

CHAPTER X.

MAGNESIUM GROUP-MAGNESIUM, ZINC, CADMIUM.

MAGNESIUM.—Mg.

(1) Examine the metal in the forms of ingot, ribbon and

powder. Note its color, lustre and specific gravity. 2. Intro-

duce a piece of the ribbon into the flame with the forceps ( ?).

What is the product? 3. Treat apiece of the ribbon with

dilute sulphuric acid. Reaction?

Salts.

(2) Magnesium Chloride.—MgCl^.

Prepare the anhydrous —Dissolve about 50 grams of

the crystallized (?) chloride and 50 grams of ammonium chlo-

ride in as little water as’ possible. Evaporate to dryness in a

porcelain dish. Reduce the mass while hot to small pieces in

a mortar, dry it carefully, so as to remove every trace of

moisture. It is best to do this by heating small portions of

the material in a porcelain crucible until it no longer sinters,

A small sample should not give off moisture when heated in a

dry test-tube, fie careful also to prevent re-absorption of

moisture. Quickly transfer the warm powder to a platinum

crucible provided with a well-fitting cover. Heat, at first

gently, to expel the ammonium chloride, then increase the

temperature until the mass is in a state of quiet fusion. It is

the anhydrous salt which, being extremely hygroscopic, should
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be preserved’’ in a tightly-stoppered bottle. It should dissolve

in water to a clear liquid.

Why cannot the anhydrous chloride be obtained by evapo-

ation of the aqueous solution?

(3) Magnesium Sulphate.—MgSO^ -f

!Recrystallize some of the commercial salt. What is the

form of the crystals? Taste?

Reactions.

I, Heat some of the hydroxide or carbonate on charcoal in

the blow-pipe flame
;
moisten with cobalt nitrate solution and

heat again. A pink-colored, mass results. 2. Add some caus-

tic soda to a little of the solution of the chloride (?). The

resulting precipitate dissolves on addition of an ammonium

salt (?). 3. Mix a second portion of the chloride solution

with ammonia water and ammonium chloride, add disodium

hydrogen phosphate and agitate the liquid. What is the com-

position of the precipitate? Examine it with the aid of a

lens.

ZINC.—Zn.

(1) How is this metal obtained from its ores?

(2) Study the physical and chemical properties of zinc (see

Richter, p.,318), i. Treat a small piece of pure metal with

dilute sulphuric acid (?). 2. Repeat this experiment, substi-

tuting the impure commercial metal. What difference do

you observe? What causes it?

(3) G7'anulate Conwiercial Zinc.—Melt 100 grams of the

metal in a well-covered Hessian crucible. The blast lamp

may be used for this purpose, but it is better to perform the

operation in a wind furnace. The crucible is then removed

from the source of heat, and allowed to cool until the molten

metal no longer takes fire when the cover is lifted. Pour the

metal, in a thin stream, into a pail filled with cold water.

Drain the product and dry at a moderate heat.
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Salts,

(4) Zinc Sulphate,—Zxi SO, + iKP* (see p. 14). i. Pre-

pare some of this salt and recrystallize it caiefully from water.

2. Examine the crystals. What other salt have you prepared

that exhibits similar forms? Is there any analogy in the com-

position of the two salts?

Rcactio 7is,

(5) I. Heat a small piece of zinc on charcoal in the oxidiz-

ing flame (?) 2. Moisten the incrustation obtained with a

diop of cobalt nitrate, and heat again. Result? 3. To a

solution of zinc sulphate add ammonium sulphide. What is

the color of the precipitate? Try its solubility in dilute hy-

drochloric acid and in (acetic acid). 4. Study the

action of caustic alkalies, e, g, caustic soda, upon the zinc

solution.

CADMIUM.—Cd.

(1) What other metal is generally associated with cadmium

in its ores?

(2) Examine a specimen of the metal, and note its princi-

pal physical and chemical properties.

Reactio7is,

(3) I. Mix a cadmium compound, such as the carbonate,

with dry sodium carbonate, and heat the mixture on charcoal

in the reducing flame. Note the characteristic incrustation

(?), and examine the mass for metallic globules (?) 2. Pass

hydrogen sulphide into a solution of any salt of cadmium.

Result? Try the solubility of the precipitate in various acids

and in alkaline sulphides.

State the characteristic differences in the properties of

magnesium, zinc and cadmium, and the tests by which they

may be recognized in their compounds.

Problems,— i. What is the strength of* a sulphuric acid of
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which 20 cc. dissolve exactly .048 gram of magnesium? 2.

Suppose it was found that one gram of zinc gave with suh

phuric acid 325 cc. of hydrogen at 16° C. and 755 mm.,

and, further, that 0.369 gram of magnesium produced the same

amount of the gas. Knowing the atomic weight of magne-

sium to be 24, and remembering that the two sulphates are

isomorphous, how is it possible to deduce the atomic weight

of zinc from the data given?

CHAPTER XI.

MERCURY, COPPER, SILVER, GOLD.

MERCURY.—Hg.

(1) Study the physical and chemical properties of the

metal. Wherein does it differ from the other metals?

MERCURY AND OXYGEN.

(2) Mei'curic Oxide,—HgO.

How is this substance prepared? What is its behavior on

heating?

Mix 0.3 gram of powdered sulphur with i gram of dry

sodium carbonate and 6.5 grams of mercuric oxide. Ignite

the mixture in a dry test-tube. Extract the residue with

water, filter, acidify with hydrochloric acid and add barium

chloride. What has become of the oxide of mercury in this

experiment?

Salts,

(3) Mefxurous Nitrate,—HgNOg.

An of metallic mercury (use 10-15 grams) is treated

in the cold with moderately strong nitric acid until the forma-

9



66 EXPERIMENTS IN GENERAL CHEMISTRY.

tion of cr}'stals is no longer noticeable. Redissolve the crys-

tals by warming, filter, and allow to crj’stallize.

To prepare a solution of the salt take it up with water acidu-

lated with nitric acid (?).

(4) Mercuric Chloride,—HgCl2.

Dissolve about five grams of metallic mercury in aqua regia.

Evaporate to dryness on a water bath. Place the residue in

a small dry flask, cover the latter .with a watch-glass, and heat

cautiously on a sand-bath. What is the sublimate formed in

the upper part of the flask? Dissolve it in four parts of boil-

ing water and allow to cr}^stallize.

Reactions,

( 5 )
Mercurous Compounds ,—Use the solution of the nitrate.

I. Add a few drops of hydrochloric acid to two or three cubic

centimeters of the solution. What takes place? Filter, and

add ammonia water to the precipitate (?). 2. Add stannous

chloride to another portion of the nitrate solution (?). 3.

In a third portion immerse a strip of copper foil. Examine

the stain on the metal
\ is it changed when you hold it in the

flame?

(6) Me?'curic Compounds .—The chloride will answer for

the tests.

I. Pass hydrogen sulphide through a dilute solution and

observe the gradation of colors through which the precipitate

passes. What is the final product? 2. Add stannous chloride,

drop by drop, to the mercury solution. Explain the changes

which occur.

COPPER.—Cu.

I. Preparation ,—Ignite the pure oxide in a current of dry

hydrogen (seep. 16). Examine the color and the lustre of

the product
; test its solubility in hydrochloric acid, sulphuric

acid (both strong and dilute), and nitric acid. Write equa-

tions representing the reactions.
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Salts,

(2) Copper Sulphate,—CuSO^ + SH^O.

To T 2 grams of copper in a flask add 45 grams of concen-

trated sulphuric acid, and heat. When the metal has com-

pletely disappeared and the gas (?) ceases to be given off,

allow to cool, place the white crystalline residue (?) into a

porcelain dish, rinse the flask with hot water. Now add a few

drops of nitric acid to the hot water solution, and filter.

The sulphate crystallizes from the filtrate on standing. Re-

crystallize the product.

Does this salt suffer decomposition on exposure to the

atmosphere? Heat a small quantity in a porcelain crucible,

first moderately, then more strongly (?).

(3) Sulphate of Copper and Potassium— -h

6H,0.

Prepare solutions of 10 grams of blue vitriol and seven

grams of potassium sulphate, both saturated at 70°. The

latter should also contain a few drops of sulphuric acid. Mix

the solutions
;
on cooling the double salt separates in whitish-

blue crystals. Examine their form.

Reactio7rs,

(4) Use either of the salts you have prepared.

I. Mix a little of the salt with sodium carbonate, and heat on

charcoal in the reducing flame (?). 2. Make a borax bead

and dissolve a minute quantity of a copper compound in it.

What color does it give (<2) in the oxidizing flame? {b') in

the reducing flame? {c) when the bead is reduced with a

small piece of tin? 3. Through a dilute copper solution pass

hydrogen sulphide. Is the resulting precipitate soluble in

hydrochloric acid or in nitric acid? 4. Add ammonia, drop

by drop, to the solution. What changes do you observe? 5.

To a portion of the very dilute solution add potassium ferro-

cyanide (?).
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(5 ) To a solution of copper sulphate in a porcelafn dish add

a small piece of zinc. Allow to stand over night. Note the

result. Has the zinc disappeared ? Does the solution contain

any of this metal? In what form? Where is the copper?

(6) Repeat the experiment, weighing the copper sulphate

(o.i gram) and the zinc (0.5 gram) . Add hydrochloric acid in

quantity sufficient to insure the entire solution of the zinc,

collect the copper on a filter, wash with alcohol, dry, heat

gently and weigh it in a porcelain crucible. The filtrate

should be colorless.

Compare the weight of the metallic copper obtained with

that of the zinc employed ( ?) . How does the found copper

accord with the calculated amount of that metal in 0.5 gram

of CuSO^.sH^O?

Repeat the experiment, using cadmium in place of zinc.

Compare the weights of the metals as before. What deduc-

tion can you make?

Dissolve one gram of pure copper sulphate in 250 cc. of

water and add 9-10 drops of concentrated nitric acid. Trans-

fer this solution to a platinum dish, connect the latter with the

cathode (?) of a battery consisting of from four to six gravity-

cells, and in the solution suspend a flat-spiral of platinum in

connection with the anode ( ?) of the battery. As the cur-

rent continues to act what changes occur? How will you
determine when the reaction is at an end? When this point

has been reached, add sodium acetate to the liquid, interrupt

the current, pour out the solution and wash the deposit of

copper first with warm water, then with alcohol
( ?), and after

careful drying, weigh. What is electro-plating?

SILVER.—Ag.

(i) Prepare Ptm Silverfrom a Coin,

Dissolve a silver dime -in nitric acid of specific gravity

1.2, filter (?), and evaporate the blue (?) solution to drymess.
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Fuse the i^esidue till it blackens (?), extract with 250 cc. of

water ;
filter. Now add ammonia in large excess, and then,

cautiously, a sodium bisulphite solution (of about 40 per cent.)

until on boiling a small portion of the liquid it is completely

decolorhed.

The greater part of the silver separates from the solution on

standing in the cold
;

it is well crystallized. The remainder

may be precipitated by warming to 70°. Digest the product

with strong ammonia ( ?) ,
wash, dry and ignite it.

Examine the metal carefully. What are its physical and

chemical characteristics ?

SILVER AND SULPHUR.

(2) Silver Sulphide ,

—

Into a dilute solution of silver nitrate (see next experiment),

containing about two grams of the metal, pass hydrogen sul-

phide. When the liquid smells of the gas, filter off the black

precipitate, wash it with water and dry at 100°.

Salts,

(3) Silver Nitrate ,

—

AgNO^.

Dissolve the silver obtained in (i) in dilute nitric acid and

evaporate to dryness on the water bath. Dissolve the residue

in 80 cc. of distilled water, and preserve the solution in a dark

bottle (?). What is its reaction with litmus?

Reactions.

(4) I. Compounds of silver on charcoal before the blow-

pipe give a white metallic globule (?). 2. To a silver solu-

tion—use the nitrate—add hydrochloric acid. Collect the

precipitate on a small filter, wash, dissolve it in ammonia, and

add an excess of nitric acid to the solution (?). Explain

these reactions. 3. Expose a small portion of the chloride to
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direct sunlight Any change? What practical application is

made of this reaction? (Read Richter, p. 340.)^

(5) Place strips of the metals zinc, iron, tin, lead, and cad-

mium in a solution of silver nitrate. What is the result in

each case? Explain.

GOLD,—Au.

(1) Prepare pure gold from the commercial metal. Frag-

ments of jewelry or a gold coin may be used. A weighed

quantity of material is placed in a small flask and covered with

concentrated hydrochloric acid. Heat is applied, while small

quantities of nitric acid are cautiously added from time to

time. The resulting solution is evaporated on the water-bath,

care being taken to exclude dust. Dissolve the residue in

water, filter ( ?), and add a large excess of a ferrous chloride

solution to the filtrate. Upon heating, metallic gold separates

as a reddish-brown powder. Allow to settle and decant.

Extract repeatedly with dilute, boiling hydrochloric acid, and

collect the gold on a filter. Incinerate the latter in a porce-

lain crucible and weigh the product. How could you distin-

guish the metal gold from mercury, silver, and copper ?

Reactions.

(2) I. Dissolve a small piece of gold (or of a substance

containing gold) in aqua regia, concentrate the solution at a

gentle heat and pour it into a porcelain dish. Add a solution

of ferric chloride to a stannous chloride solution until the

latter is permanently yellow. After diluting, dip a glass rod

into this and then into the gold solution. A purple streak

(purple of Cassius) is formed. 2. Try the action of various

reducing agents, such as sulphur dioxide, oxalic acid, and

hydroxylamine salts, upon different portions of the gold chlo-

ride solution. It is well to assist their action by gentle heating.

* If practicable, the instructor should here show and explain the prepa-

lation of a photographic negative.
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In what respects do the members of -this group differ from

one another, and how can they be distinguished from the

metals of the preceding groups?

Problems.—0.5 gram of mercuric oxide gave on ignition

with carbon 0.463 gram of metallic mercury; the specific

gravity of the vapor of mercuric chloride referred to hydrogen

was found to be 135 -5 • What is the atomic weight of mer-

cury? 2. The molecule of mercury contains how many
atoms, if the vapor density equals 100? 3. On analysis a

chalcocite was found to contain 20.15 cent, of sulphur

and 79.85 per cent, of copper. Deduce the molecular formula

of the mineral. 4. What quantities of silver, gold, and mer-

cury can be precipitated from their respective solutions by one

gram of copper?

CHAPTER XII.

ALUMINIUM, TIN, LEAD, BISMUTH.

ALUMINIUM.—Al.

(
I

)

By what methods is this metal obtained on a large

scale? What are its properties? Try the action of the follow-

ing reagents upon aluminium : hydrochloric acid, nitric acid,

and sodium hydroxide solution. Write the reactions.

Salts.

( 2 )
Sulphate of Aluminium and Potassium .—KAl (SO^)

^ +
I2H5,0.

Prepare saturated solutions of aluminium sulphate and

potassium sulphate; mix these so that the resulting liquid

contains the two sulphates approximately in the proportion of

their molecular weights. The double sulphate crystallizes on
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Standing. Why? Recrystallize it from water. What is the

form of the crystals?

What is an alum ? (See Richter, p. 352.)

Reaciions,

(3) Use alum. i. Heat a little of the salt on a piece of

charcoal in the oxidizing flame, moisten with cobalt nitrate,

and heat again. A blue mass (?) is the product. 2. To an

aqueous solution add ammonia (?). 3. Add ammonium sul-

phide to another portion of the solution. What do you

observe? 4. To the diluted solution add sodium hydroxide,

drop by drop. Note the successive changes (?).

TIN.—Sn.

( 1 )
Examine a bar of this metal, i . Note the sound it emits

on bending (?). 2. Eich a smooth surface with hydrochloric

acid (?). 3. Try the solution of tin in hot hydrochloric acid.

4. What action have moderately dilute, and concentrated,

nitric acid upon it? Write the reactions.

(2) Determbu the Specific Heat ofi Tm,

A thill glass beaker of about 200 cc. capacity is carefully

covered on the outside with a moderately thin layer of cotton

wool. This may be called the caIo7Tmete7\ Pour 100 cc, of

distilled water into the beaker. Suspend the thermometer in

the water. Place 25 grams of granulated tin into a test-

tube, close the mouth of the latter with a plug of cotton.

Introduce the test-tube with its contents into a beaker glass

containing boiling water. A stout copper wire will serve as a

handle. After 10 or 15 minutes the tin will have acquired the

temperature of the boiling water (100°). The tube is then

rapidly removed from the latter and its outer surface freed

from moisture by quickly passing a towel over it. Remove
the cotton from the mouth, and transfer the tin to the calori-

meter. While the metal is being introduced raise the then
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mometer*from the water, and replace it as soon as all the

metal has been added
;

stir the liquid well and observe, as

accurately as possible, the highest point reached by the mer-

cury column. Approximate results can be obtained from

these data. Calculate as follows :

Let y= temperature of water before introducing the tin.

“ ‘‘ after ‘‘ “

“ w= weight of the water.

“ v= of the metal.

“ X = sp. heat—^then

x=
25 (100—z)

(Study Richter, pp. 253-258.) Would the specific heat

found for tin, when divided into the constant 6.4, give the

same value as that found in experiment (3) for the equivalent

of tin? Explain. How many series of tin compounds are

there ?

(3) Determme the Equivale^it Weight of Tin.

Place about two grams of tin in a porcelain crucible that

has been previously weighed. Cover the metal with 5-10 cc.

of concentrated nitric acid. Then carefully apply heat by

means of an iron plate. The tin is dissolved, while fumes of

nitrogen dioxide are set free. When the acid has been

entirely expelled, heat the crucible with the white stannic

oxide over a Bunsen burner; allow to cool and weigh.

Let w— weight of crucible and tin dioxide.

“ V = “ “ “ metallic tin.

(,(.

y
<< << <<

I'hen w—V =r weight of oxygen,

andv—y= “ “ tin.

Equiv. of tin ==
^

w—

V

10
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Salts,

( 4 )
Sta?inous Chloride—Sn Cl^

.

Dissolve TO grams of granulated tin in warm concentrated

hydrochloric acid with the addition of a few drops of platinic

chloride (?). Put the solution into a well-stoppered bottle.

Reactions,

(5) Stannous Compounds,—Use the chloride solution.

I. Conduct hydrogen sulphide through a portion of the

diluted liquid- A brown precipitate (?) is thrown down. Is

it soluble in yellow ammonium sulphide? What does hydro-

chloric acid precipitate from the sulphide solution? 2. What

is the action of mercuric chloride upon stannous chloride

(see p. 66) ?

(6) Stannic Compounds,—Add a few cubic centimeters of

bromine water to a portion of the stannous chloride solution,

and boil (?), Use the diluted liquid for the test.

1. Pass hydrogen sulphide into a portion of the solution.

What is the color of the precipitate? Is it soluble in hydro-

chloric acid? in ammonium sulphide?

2. Add copper-turnings, boil, decant the liquid, and add

mercuric chloride. What happens? Explain.

LEAD.—Pb.

(i) How can this metal be obtained from the oxide? By
what physical properties can it be distinguished from other

metals? Is it soluble in the mineral acids? (2) In a solu-

tion of five grams of lead acetate in about 50 cc. of water

suspend a stiip of metallic zinc and let stand for a few days ( ?).

Salts,

(3) Dissolve five grams of granulated lead (test-lead) by
wanning with dilute nitric acid. Concentrate by evaporation

and allow to ciystaliize.
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Reactions.

(4) I. Before the blowpipe, on charcoal, lead compounds

are reduced to metallic beads, which are sectile with the

knife. 2. Add hydrochloric acid to a solution of the nitrate.

Boil the precipitate with water (?). What takes place on

cooling? 3. To another portion add dilute sulphuric acid ( ?).

4. Pass hydrogen sulphide into a third portion (?).

BISMUTPi.—Bi.

Reactions.

(i) I. Mix a little of the oxide or nitrate of bismuth with

sodium carbonate and heat in the reducing flame on char-

coal. Does the resulting metallic globule resembe lead? Is

it sectile? 2. Pass hydiogen sulphide into a solution of the

chloride or nitrate in presence of hydrochloric acid (?). 3.

Add a large volume of water to a bismuth solution. What

occurs? What reactions distinguish aluminium, tin, lead, and

bismuth from each other and from the metals previously

studied.

Problems.— i. What is the molecular formula of a mineral

containing
Si02 = 43*®^

AI2O3 = 36.82

CaO — 20.10

100.00

2. A compound of tin and chlorine yielded on analysis

29.42 parts of tin and 35.40 parts of chlorine; its vapor

density was ascertained to be 132.85. What is the atomic

weight of tin? 3. Deduce the formula of Cosalite from the

following analysis :

—

S = 15.27

Bi = 41.76

Pb = 40.32

Ag = 2.65

100.00
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CHAPTER XIII.

CHROMIUM, MANGANESE, IRON, NICKEL, COBALT.

CHROMIUM.—Cr.

Chromium and Oxygen.

(1) Chromic Oxide,—CuOg.

I. Preparaiion.—Mix intimately 20 grams of potassium di-

chromate and four grams of sulphur. Heat the mixture in a

porcelain crucible over the blast lamp for about 20 minutes.

Cool, extract the residue with boiling water and dry it at a

gentle heat. What is its color? is it soluble in dilute hydro-

chloric acid? 2. Fuse a portion of it with six times its weight

of sodium bisulphate in a platinum crucible. What takes

place? 3. Repeat this experiment with some finely powdered

chromite (?).

Salts,

(2) Chro 7nic Chloride,—CrClg.
£

Prepa 7^e the Anhydrous Salt,—Intimately mix 10 grams o

chromic oxide, prepared as described, and three grams of

powdered charcoal, and convert this into a dough with a little

starch paste. Form this product into balls of the size of a pea

;

dry, and then ignite these (covered with charcoal powder) in

a Hessian crucible, provided with well-fitting lid. Place the

residue into a tube of hard glass, and heat it in a current of

carbon dioxide to expel every trace of moisture. With the aid

of a blast lamp increase the temperature and replace the car-

bon dioxide by a current of chlorine. The excess of chlorine

should be absorbed by conducting it into a bottle filled with

caustic soda ( ? ) . The resulting chromium trichloride sublimes

to the cooler portions of the tube. Describe its appearance.

Is it soluble in water?
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What other chlorides are prepared in a similar way? Write

the equation, expressing the reaction.

(3) Chro 7?ie Alum ,—Cr2(SOj)3.K,SO^ + 24H.^O.

Dissolve 10 grams of potassium dichromate in a little water;

acidify with sulphuric acid, pass sulphur dioxide into the

liquid until the latter is saturated with the gas. Allow to

stand ;
the double salt crystallizes. What is its crystalline

form? Dissolve some of it in cold water and note the color

of the solution
;
now warm it. What takes place (see Richter,

p- 377)?

(4) I. Examine crystals of potassiimi dicJu'omate. How is

it obtained? 2. Dissolve 10 grams of this salt in water, and

from a burette carefully add a caustic potash solution until the

color is changed to yellow ( ?). What crystallizes from the

solution on evaporation? How can you reconvert the product

into the dichromate?
Reactio 7rs,

(5) I. Dissolve a minute quantity of a chromium com-

pound in a borax bead. Heat in the oxidizing and in the

reducing flame. Results? 2. Heat a little of the compound

with potassium nitrate on a platinum foil (?).

(6) Chro 7?iic Compou?ids,—Use chrome alum for the tests.

I . Add caustic soda, drop by drop, to a little of the solution ( ?)

.

Continue the addition of the reagent till the precipitate is

redissolved. What takes place on boiling the solution? 2.

What is the action of ammonia on the solution of the chro-

mium salt? 3. Add an excess of potassium hydrate to the

chromium solution until the precipitate is redissolved. Now
add S-io cc. of bromine water and boil. What occurs?

Explain.

(7) Ch?vmates,—Use a solution of potassium chromate.

I. Add lead acetate solution. Note the color of the precipi-

tate. Is it soluble in acetic acid? 2. Substitute barium

chloride for the lead salt in the preceding experiment (?).
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3. Acidify the chromate solution with sulphuric acid and add

hydrogen peroxide to the liquid. What happens? 4. To

some of the chromate solution add a few drops of hydrochloric

acid and about one cc. of alcohol. What occurs when the

mixture is heated to boiling?

MANGANESE.~Mn.

MAGANESE AND OXYGEN.

(1) In what proportions do these two elements unite with

each other? Enumerate the oxides which occur in nature.

What is formed when the oxides of manganese are heated in

hydrogen? When they are ignited in the air?

SaUs,

(2) Manganous Chloride—MnCl2 -j- 4H2O.

Evaporate in a porcelain dish the solution obtained in the

preparation of chlorine from manganese dioxide and hydro-

chloric acid. Heat the dry residue over a small flame for

some time. Add much water and boil. Filter, and to of

the filtrate add a solution of sodium carbonate in excess.

Allow the precipitate ( ?) to settle, draw off the supernatant

liquid with a siphon, and wash the remaining precipitate

several times with water by decantation. Add the precipitate

then to the principal solution, and digest at a gentle heat

until a small filtered sample mixed with ammonium sulphide

gives a flesh-colored precipitate which is completely dissolved

by dilute acetic acid. Now filter and evaporate to crystalli-

zation.

(3) Potassium Manganate K^MnO^ and Potassium Per-

7nanganate EgMii^Og.

In a porcelain crucible fuse a mixture of five grams of caustic

potash and 2.5 grams of potassium chlorate
;
gradually add five

grams of finely powdered manganese dioxide. Maintain a

moderate red heat for 15 minutes. Dissolve the dark-green
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residue in a* Utile water. Observe the color of the solution.

What does it contain? Then dilute with much water and

conduct carbon dioxide into the liquid. Is there any change?

If so, write the equation expressing it.

Potassium permanganate as well as potassium manganate are

powerful oxidizing agents. Warm a little of the alkaline po-

tassium manganate solution with a few drops of alcohol (?).

To a little of the permanganate solution, acidified with sul-

phuric acid, add sulphurous acid ( ?). Also treat the acidified

solution with solutions of ferrous sulphate and oxalic acid ( ?).

Reactmis,

(4) I. What color do manganese compounds impart to a

borax bead in the oxidizing flame? What is the effect of the

reducing flame? 2, Heat a little of a manganese compound

with sodium carbonate and potassium nitrate on a platinum

foil. What does the resulting mass contain? 3. To a little

of the solution of the chloride in water add ammonium sul-

phide. What is the color of the precipitate? Test its solu-

bility in acids (including acetic acid}. 4. Add caustic soda

to another portion of the chloride solution. Is the precipitate

soluble in an excess of the reagent? Is its color affected by

exposure to the air? Explain.

IRON.—Fe.

(i) Preparation .—Into a tube of Bohemian glass place a

porcelain boat filled with the finely powdered oxide. Pass a

current of dry hydrogen through the tube, and when all the

air is expelled (how could you test it?), apply heat to that

part of the tube which contains the boat. What is formed in

the anterior portion of the tube? After a red heat has been

maintained for 10 minutes allow the boat to cool in hydrogen

and examine its contents. Are they attracted by the magnet?

Expose the product to the air (?).
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How is iron obtained from its ores on a large scale? What

are its properties? (see Richter, pp. 393, 394, 395 )*

tinguish between cast-iron, steel and wrought iron.

Salts,

(2) Ferrous Sulphate,—FeSO^ + 7^2
^'

To 25 grams of iron in the form of nails or wire, free from •

rust, contained in a flask, add 200 cc. of dilute (i 14) sul-

phuric acid. When the evolution of the gas (? Note its

odor!) is no longer violent, warm, and finally boil until the

liberation of gas ceases. A sample of the solution poured

into a test-tube should, on cooling, give a copious separation

of crystals. Filter into a casserole containing two to three

cubic centimeters of concentrated sulphuric acid, and let it

stand for eight hours. Collect the crystallized product in a

funnel, the stem of which is closed with a loose plug of glass

wool,^ allow the mother liquor to drain off, wash with very

little cold water (?), and dry between sheets of filter paper.

Examine the product carefully. Note its color, taste, solu-

bility in water, and crystal form. What other salts of analogous

composition are isomorphous with it?

What is observed when some of the salt is heated, first

moderately, then strongly, in a tube of hard glass?

Expose the aqueous solution of the salt to the air for several

hours (?).

(3) Ferrous Am7nonimn Sulphate,—

6Hp.
In 100 cc. of dilute sulphuric acid dissolve clean iron wire

till no more hydrogen is given off
;

neutralize a like quantity of

the acid exactly with ammonia water, and add to it a few drops

of dilute sulphuric acid. Filter the iron solution into that of

the ammonium salt. Let the salt crystallize, drain it on a

* It is better to use a perforated platinum cone, and to remove the ad-

hering solution with the aid of a filter pump.
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funnel provided with a perforated platinum cone, wash and

dry as described under (2). Preserve in a %vell-stoppered

bottle. What metals can replace the iron in this salt without

altering its crystalline form?

(4) Fer7ic Ammonium Sulphate.—Fe2(S0j3.(NHJ^S0^4-
24H2O.

Place 20 grams of crystallized ferrous sulphate into a porce-

lain dish together with a few cubic centimeters of water and

3.5 grams of oil of vitriol. Warm on an asbestos plate, adding

nitric acid, drop by drop, until no further change of color (?)

is observed. Evaporate the excess of nitric acid, dissolve the

residue in hot water and add 3.5 grams of ammonium sulphate

;

filter, and set the solution aside for crystallization. Separate

the crystals from the mother liquor, and wash and dry them as

under (2). To what class of substances does this salt belong?

Why?
Reactio7is.

(5) Dissolve a small quantity of an iron compound in a

borax bead, and treat it successively in the oxidizing and

reducing flames. What changes do you observe?

(6) Ferrous Conpounds.—Use a freshly prepared solution

of ferrous sulphate for the following tests : i. To a few drops

of it, diluted with water, add ammonia. Note the color of the

precipitate, and the changes which occur on exposure to the

air ( ?). 2. Add ammonium sulphide to another portion
( ?).

Is the resulting precipitate soluble in hydrochloric acid?

3. In a porcelain capsule bring together a little of the ferrous

solution and a drop of a potassium ferrocyanide solution.

Result? 4. In a similar manner test a drop of the iron solu-

tion with ferrocyanide of potassium.

(7) Ferric Cojfipounds .—In the presence of free acids,

oxidizing agents convert iron compounds from the ferrous

into the ferric condition, i. Acidify the ferrous sulphate

solution with sulphuric acid, warm, and add concentrated

II
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nitric acid until it fails to produce a change in color : the

iron is then in the ferric state. 2. Dilute a few drops of the

yellow liquid with several cubic centimeters of water and add

ammonia (?). 3. Test a drop of the ferric solution with

potassium ferrocyanide (?). 4. Treat a second drop with

ferrocyanide of potassium (?), 5. 'Mix another drop with a

solution of potassium sulphocyanate (?). 6. Conduct hydro-

gen sulphide into some of the ferric sulphate solution. What
do you observe? Explain the reaction, and write the equation

expressing it. 7. Place a piece of metallic zinc in a test-tube

containing a solution of the ferric salt. What takes place?

(8) Quantitative Estwiation ofE071 .—Under manganese it

was observed that the salt potassium permanganate is an oxi-

dizing agent. To show how this salt acts with iron in its

lower form of oxidation, fill a burette with an aqueous solu-

tion of it; allow it to drop slowly into the solution of a

ferrous salt acidulated with sulphuric acid. The pink color

of the permanganate immediately disappears on stirring with

a glass rod. This continues until the ferrous salt is completely

oxidized to the ferric state. A drop of permanganate added
in excess will then impart a faint pink color to the liquid.

Fig. 40.

This indicates that the reaction is ended. Write the

equation.

This behavior may be utilized for determining

the qua^itity of iron in a solution. That this may
be done, it is first necessary to standardize the per-

manganate solution. Proceed as follows : Dissolve

about two grams of the permanganate in 1000 cc.

of water. Fill a burette with this solution. Weigh
out 0.2 gram of clean piano wire. Place this into a small flask

(Fig. 40) provided with a cork and valve.^- Cover the iron

With a sharp knife make a longitudinal incision of about one cm.
length, in a rubber tube, and close one end by means of a glass rod.
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wire with ciilute sulphuric acid. Warm. When the iron is

completely dissolved, remove the cork, add cold water to the

solution, and slowly admit the permanganate until the final

pink coloration appears. Note the volume of permanganate

required to produce this effect. Suppose 30 cc. had been

consumed, then :

—

30 cc. KjjMngOg = .2000 gram metallic iron.

I
“ — .00666 “ “ “

This is then the standard of the permanganate in iron units.

Next, dissolve one gram of ferrous ammonium sulphate,

in 100 cc. of distilled water, add five cc. of sulphuric acid, and

then introduce the permanganate until the final reaction is

observed. Calculate the percentage of iron in this salt and

compare the experimental result with the theoretical value.

How much oxygen will each molecule of permanganate

give up in oxidizing? How many molecules of ferrous oxide

can be changed to ferric oxide by a molecule of potassium

permanganate?

COBALT—Co, AND NICKEL~Ni.

Reactions,

I. Dissolve a minute quantity of a cobalt compound in a

borax bead. Heat first in the oxidizing, then in the reducing

flame (?). 2. What is the behavior of nickel compounds

under like conditions? 3. Add caustic alkali to a solution of

cobalt nitrate, warm the mixture (?). 4. What action have

caustic alkalies on solutions of nickel salts? 5. To the co-

balt solution cautiously add ammonia. After a precipitate (?)

has formed, add more of the reagent. What takes place?

Expose the resulting solution to the air in a shallow dish (?).

6. Treat a nickel solution in an analogous manner ( ?). 7. To

he solutions of cobalt and nickel each in a separate test-tube,
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add ammonium sulphide. Filter and wash the precipitated

sulphides, and test their solubility in acids (?).

Note the colors of cobalt and nickel salts, in the hydrated

as well as in the anhydrous state.

Nickel Carbonyl—A tube of hard glass is drawn out to a

bayonet at one end, and filled with nickel oxide. A current

of hydrogen is conducted through the tube, while the tempera-

ture is raised to a low red heat. This is maintained until

moisture ceases to condense, when

the escaping hydrogen impinges

on a cool surface. Cool in an

atmosphere of hydrogen. Carbon

monoxide, w^ashed with caustic

potash and sulphuric acid, is now
passed through the apparatus, and the issuing gas is led

through a tube (Fig. 41 ) surrounded by a freezing mixture

(care
1
) . What is the colorless mobile liquid which condenses?

This experiment should be conducted under a hood (?).

Is there any marked difference between cobalt and nickel

in respect to their chemical deportment?

Fig. 41,

Point out the differences in the reactions of chromium,

manganese, iron, cobalt, and nickel.

How may ferrous compounds be distinguished from ferric?

What conditions are favorable to the conversion of the former

into the latter? The latter into the former?

By what means may chromic salts be changed into com-

pounds of chromic acid? How may the reverse change be

effected?

Devise a method for separating the elements treated in this

chapter.

Problems.— i. How much potassium bichromate can be
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obtained theoretically from loo kilograms of a chromite con-

taining 58.6 per cent, of chromic oxide? 2. 100 grams of a

pyrolusite, which was found to contain four per cent, of im-

purities, will give what volume of oxygen, measured at 20"" C.

and, 745 mm., when strongly ignited? What is the weight

of the residue, assuming that one-half of the impurities was

moisture, the other half quartz? 3. How many grams of

nitric acid are required to oxidize 12 grams of crystallized

ferrous sulphate? 4. What percentage of metallic iron is

contained in a salt, of which 0.7 gram is exactly oxidized

by 17.8 cc.of permanganate solution (standard : i cc. — .0056

gram Fe) ?

CHAPTER XIV.

Name the metals constituting the platinum group.

PLATINUM.

(1) Examine the metal in the form of foil or wire. Note

its color and lustre. Determine its specific gravity. Is it

fusible in the flame of the Bunsen burner or the blast lamp?

(2) What are its chemical properties? Place a small piece

of the metal into a test-tube and heat it with concentrated

hydrochloric acid. Any action? Treat another piece with

nitric acid. Result? Combine the contents of both test-

tubes and warm. What takes place?

Piatinic Chloride—PtCl^.—Boil platinum scrap with hydro-

chloric acid Decant the liquid, and dissolve the remaining

metal in nitro-hydrochloric acid. Concentrate the resulting

solution by evaporation on the water bath, and add a strong

solution of ammonium chloride. Filter off the precipitated
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platiilic ammonium chloride, and after careful drying, ignite

it in a large porcelain crucible. Extract the residue of

spong}^ platinum with boiling hydrochloric acid, then dis-

solve it in aqua regia, and evaporate to dryness on the water

bath. Moisten the residue with hydrochloric acid and again

evaporate. Dissolve the product in distilled water.

Reactions,

Use platinic chloride for the tests, i. Add hydrogen sul-

phide water and apply a gentle heat. 2. Add a little grape

sugar and caustic soda to a second portion. Warm. See

under potassium and sodium how solutions of this metal

behave with alkaline chlorides, etc.
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TABLE OF METRIC WEIGHTS AND MEASURES.

MEASURES OF LENGTEI.

I metre = lo decimetres = loo centimetres = looo millimetres.

I metre == 1.09363 yards = 3.2809 feet ~ 39-3709 inches.

MEASURES OF CAPACITY.

I cubic metre = 1000 litres = 1,000,000 cubic centimetres = 1,000,-

000,000 cubic millimetres.

I litre =• 61.02705 cubic inches= .0353 17 cubic foot = 1.76077 pints

—

.22097 gallon.

MEASURES OF WEIGHT.

I gram — weight of i cc. of water at 4° C.

T Kilogram = 1000 grams= 100,000 centigrams = 1,000,000 milli-

grams.

I Kilogram = 2.20462 lbs. = 35.2739 ounces = 15432-35 grains.

TABLE OF ATOMIC WEIGHTS OF ELEMENTS.

Aluminium, . . . A1 . . . 27.0 Chromium, . - . Cr . . . 52.5

Antimony, . . . . Sb . . . 120.0 Cobalt, .... . Co . . • 59-0

Arsenic, .... . As . . • 7S -0 Copper, .... . Cii . . 63-3

Barium, .... . Ba . . . 137.0 Fluorine, . . . . FI . . . 19.0

Bismuth, .... . Bi . . . 20S.O Gold, . . . Au . . • 197-0

Boron, .... . B , . . II.O Hydrogen, . . . . H . . . I.O

Bromine, . . . . Br . . . 80.0
:
Iodine, .... . I 127.0

Cadmium, . . . . Cd . . . II2.0 Iron, . Fe . . . 56.0

Calcium, .... . Ca . . . 40.0 Lead, . . . Pb . , . 207.0

Carbon, . , . - .C . . . 12.0 Magnesium, . . .Mg. . . 24.0

Chlorine, .... . Cl . . • 35-5 Manganese, . , . Mn . . • 55-0

(87)
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TABLE OF ATOMIC WEIGHTS OF Continued.

Jtlerciny, . . . • Hg. . . 200.0 Silicon, .... . Si . . , 28.

0

IMolybdenunij . . . Mo . . . 96.0 Silver, •Ag. . . 108.0

Nickel, .... . Ni . . . 59.0 Sodium, .... . Na . . 23.0

Nitrogen, . . . . N . . . 14.0 Strontium, . . . . Sr . .
00

Ox>'gen, . . . . 0 . . . 16.0 Sulphur, .... . S . .
• 32.0

Phosphorus, . . . P . . . 31.0 Tin, . Sn'. . II8.0

Platinum, . . .

Potassium, . . .

. Pt .

. K .

. . 195.0

.
. 39.0

Zinc, . Zn . . 65.0

TENSION OF AQUEOUS VAPOR IN MILLIMETRES {Re^nault).

Temp. Tension. Temp. Tension. Temp. Tension.

0° 4.6 9.8 21° 18.5

I 4-9 12 10.4 22 19.7

2 5*3 13 II .

1

23 20.9

3 5-7 14 II.

9

24 22.2

4 6.1 15 12.7 25 23.6

5 6.5 16 13-5 26 25.0

6
1

7.0 17 14.4 27 26.5

7 7-5 18 15.4 28 28.1

8 8.0 19 16.3 29 29.8

9 ' S .5 20 17.4 30
j

31.6

10
i

THE SPECIFIC GRAVITY AND THE WEIGHT OF A LITRE
OF GASES.

SPECIFIC GRA'^

At 0° AND 760 MM.
Referred to
Water at 4®.

nTY {Reg7iauli).

Referred to Air
Under like Tem-
perature AND
Pressure.

The Weight of
ONE Litre in ii'S

Normal Con-
dition, IN Grams.

Air, O.COI2928 1 .00000 1.2932

Ox}^en, . . . .
i

0.0014293 1.10563 1.4300

Nitrogen, . . . ,
' 0.0012557 0.97137 1.2562

Hydrogen, . . . 0.00008954 0.06926 0.0896

Carbon dioxide, . 0.001977 1.529 1.9663
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that will be thorough and practical in every particular. The
illustrations, nearly all of which are from original sources,

have for the most part been drawn by special artists who,
for a number of months, devoted their sole attention to this

work.

‘*The book is one that can be recommended to the student, to

the general practitioner—who must sometimes be a gynecologist to

a certain extent whether he will or not—and to the specialist, as an
ideal and in every way complete work on the gynecology of
to-day—a practical work for practical workers.”

—

Tke Jour-
nal of the Awerican Medical Association.

Byford’s Gynecology

Third Revised Edition

A MANVAL FOR. STVDENTS AND PHYSICIANS

By Henry T. Byford, m.d., Professor of Gynecology and
Clinical Gynecology in the College of Physicians and Sur-
geons of Chicago ; Professor of Clinical Gynecology,
Women’s Medical School of Northwestern University, and
in Post-Graduate Medical School, etc. Third Edition, En-
larged. 363 Illustrations, many of which are from original

drawings and several of which are Colored. i2mo.
Cloth, 1^3,00

“ As a book to help the student to quickly review what ought
to be gotten up, so as to be prepared for the early examination, it is of
great service. Such a book would also make a most excellent text-
book for the college class room Virginia Medical Se^ni-Monihl^f

^

Richmond,



By JAMES TYSON. M,D.,
Professor of Medicine, University of Pennsylvania,

Physician to the Philadelphia Hospital, etc.

The Practice of Medicine. Second Edition,

A Text-Book for Physicians and Students, with Special Ref-

erence to Diagnosis and 'J'reatment. With Colored Plates

and many other Illustrations. Second Edition, Revised and
Enlarged. 127 Illustrations. Svo. 1222 pages.

Cloth, $5.50; Leather, $6,50 ;
Half Russia, S7. 50

This edition has been entirely reset from new type.

The author has revised it carefully and thoroughly, and
added much new material and 37 new illustrations.

“We are firmly convinced that at the present time Dr. Tyson's
book on Practice can be most heartily commended to boih the practi-
tioner and student as a safe, reliable, and thoroughly up-to-date guide
in the practice of medicine.”

—

The Therapeutic Gazette.

“ The clinical descriptions are clear and full, and the methods of
treatment described are those generally recognized as being the most
modern and .satisfactory.”

—

The London Lancet.

Guide to the Examination of Urine. Tenth
Edition.

For the Use of Physicians and Students. With Colored

Plate and Numerous Illustrations Engraved on Wood.
Tenth Edition, Revised, Enlarged, and in many parts entirely

rewritten. Cloth, ^1.50

A French translation of this book has been ftb-

lished in Paris,

The book is probably more widely and generally known and ap-
preciated than any of its similars in subject and scope.”

—

New York
MedicalJournal.

“ The book is a i el table one, and should find a place in the library

of every practitioner and student cf medicine.”

—

Boston Medical and
Surgical Journal

HsLndbcok of Physical! Dia.gnoiis. Fourth
Edition.

Revised and Enlarged. With two Colored Plates and 55
other Illustrations. 29S pages. 121110. Cloth, ^1.50

“Like everything else emanating fiomthis distinguished author
this little book is reidete with practical infonn.ition from beginning to

end.”

—

The Chicago Medical Recorder.

“ The author approaches his .subject from a practical point of
view and the little work will prove a good friend to the stiident.”

—

The American Journal of the Medical Sciences,

3



NEW THIRD EDITION—JUST READY ^

Morris' Anatomy
Rewritten—^Revised—Improved

WITH MANY NEW ILLUSTRATIONS

Out of 102 of the leading medical schools 6o recommend

“•Morris.” It contains many features of special advantage

to students. It is modern, up- to-daie in every rei^pect. It

has been carefully revised, the articles on Osteology and

Nervous System having been rewritten. Each copy con-

tains the colored illustrations and a Thumb Index.

Octavo. With 846 Illustrations, of which 267

printed in colors.

CLOTH. $6.00; LEATHER. $7.00

“ The ever growing popularity of the book with teacheis and stu-

dents is an index of its value, and it may safely be recommended to all

interested —From '1he Medical Record, New York.

“ Of all the text-books of moderate size on human anatomy in the

English language, Morris is undoubtedly the most up to-date and accu-
rate."—From ihe Rhiladelphia Medual Journal

McMurrich—Embryology

Just Ready# 276 Illustrations

A Text-Book for Medical Students. By J. Playfair

McMurrich, Professor of Anatomy, Medical Department,

University of Michigan. 500 pages. Cloth, fe.oo
4



NINTH EDITION

POTTER^S MATERIA MEDICA,
PHARMACY, and therapeutics

An Exhaustive Handbook

Including the Action of ^Medicines, Special Therapeutics of

Disease, Official and Practical Pharmacy, and Minute Direc-

tions for Prescription Writing, etc. Including over 650

Prescriptions and Formulae. By Samuel O. L. Potter,

M.A., M.D., M.R.C.P. (Lond.), formerly Professor of the

Principles and Practice of Medicine, Cooper Medical Col-

lege, San Francisco ;
Major and Brigade Surgec>n, U. S.

Vol. Ninth Edition, Revised and Enlarged. 8vo.

Wit/i Thtimb hidex i7i each < o/v.

Cloth, 35-00 ;
Leather, $6,00

*^*This is the most complete at.d trustworthy book
for the use of students and physicians. Students w ho pur-

chase it will find it to contain a vast deal of information not

in the usual text-books arranged in the most practical man-
ner for facilitating study and reference. It cannot be sur-

passed as a physician’s working book.

WHITE AND WILCOX* Materia Medica,

Pharmacy^ Pharmacolog'y^ and Thera-

peutics* Fifth Edition*

A Handbook for Students. By W. Hale White, m.d.,

F.R.C.r., etc., Physician to, and Lecturer on Materia

Mcdica and Therapeutics at, Guy’s Hospital, etc. Fifth

American Edition, Revised by Reyn{'>ld W. Wilcox,

M A
,
M.D., ll.d.

,
Professor of Clinical Medicine and Thera-

peutics at the New York Post-Graduate Medical School and

Hospital
;
Visiting Physician, St. Mark’s Hospital

;
Assist-

ant Visiting Physician, Bellevue Hospital. l2ino.

Cloth, $3.00 ; Leather, S3. 50

5



SUBJECT INDEX.

Gould’s Medical Dictionaries,

Morris’ Anatomy, New Edition,

Compends for Students,

Page 12

Page 4

Page 26

SUBJBCT PAGE
Alimentary Canal {see Surgery) 23
Anatomy 7
Anesthetics 18
Autopsies (see Pathology) 20
Bacteriology (see Pathology).. 20
Bandaging (see Surgery) 23
Blood, Examination of 20
Brain if... 8
Chemistry. Physics 8
Children, Diseases of 10
Climatology iS

(dlimcal Charts 24
Compends 26
Consumption (see Lungs) 15
Cyclopedia of Medicine 12
Dentistry 11

Diabetes (see Urin. Organs).. 24
Diagnosis 10
Diagrams (see Anatomy) 7
Dictionaries, Cyclopedias 12
Diet and Food 18
Disinfection 15
Dissectors 7
Ear 13
Electricity 13
Embryology 7
Emergencies 23
Eye 33
Fevers 14
Food 38
Formularies 21
Gymecology 25
Hay Fever.. 24
Heart 14
Histology 14
Hydrotherapy 18
Hygiene 15
Hypnotism 8
Insanity 8
Intestines 22
Latin, Medical (see Miscella-
neous and Pharmacy) 18,20

Life Insurance 38
Lungs 13
Massage 36
Materia Medica 16

SUBJECT. PAGE
Mechanotherapy 16
Medical Jurisprudence,.... 17
Mental Therapeutics S
Microscopy 17
Milk Analysis (see Chemistry) S

Miscellaneous 18

'Nervous Diseases 18

Nose 24
Nursing 19
Obstetrics 20
Ophthalmology 13
Organotherapy iS
Osteology (see Anatomy) 7
Pathology 20
Pharmacy 20
Physical Diagnosis. ii

Physical Training 16
Physiolo.^ 21
Pneumotnerapy... 18
Poisons (see Toxicology) 17
Practice of Medicine 22
Prescription Books ( Pharm’y), 21
Refraction (see Eye) 13
Rest 18
Sanitary Science 15
Skin 23
Spectacles (see Eye) 13
Spine (see Nervous Diseases) iS
Stomach 22
Students' Compends 26
Surgery and Surg'l Diseases, 23
Technological Books S
Temperature Charts 24
Therapeutics 16
Throat 24
Toxicology 17
Tumors (see Surgery),.. 23
U. S. Pharmacopoeia 21
Urinary Organs 24
Urine 24
Venereal Diseases 25
Veterinary Medicine 25
Visiting Lists, Physicians’.
{Sendfor Special Circular^

Water Analysis 35
Women, Diseases of. 25

Self-Examination for Medical Students, 3500 Questions on
Medical Subjects, with References to Standard Works in which the
correct replies will be found. Together with Questions from State
Examining Boards. 3d Edition. Paper Cover, 10 cts.
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SPBCIA.I, NOTB.—The prices given in this catalogue are
net, no discount can be allowed retail purchasers under any considera-
tion. This rule has been established in order that everyone will be
treated alike, a general reduction in former prices having been made to

meet previous retail discounts. Upon receipt of the advertised price any
book will be forwarded by mail or express, all charges prepaid.

ANATOMY. EMBRYOLOGY.
MORRIS. Text-Book of Anatomy. Third Revised and Enlarged

Edition. S46 Illustrations, 267 of which are printed in colors. Thumb
Index in Each Copy. Cloth, $6.00 ;

Leather, $7 00
*' The ever-growing popularity ot the book with teachers and students

is an index of its value."

—

Medical Record, New York.
BROOMELL. Anatomy and Histology of the Human Mouth
and Teeth. 2d Edition, Enlarged. 337 Illustrations. 1^4 50

CAMPBELL, Dissection Outlines. Based on Morris' Anatomy.
2d Edition. 50

DEAVER. Surgical Anatomy. A Treatise on Anatomy in its

Application to Medicme and Surgery. With 480 very Handsome fuil-

page Illustrations Engraved from Original Drawings made by special

Artists from dissections prepared for the purpose. Three Volumes.
Cloth, |2i 00; Half Morocco or Sheep. $24.00; Half Russia, $27 00

GORDINIER. Anatomy of the Central Nervous System.
With 271 Illustrations, many of which are original. Cloth, $6 00

HEATH. Practical Anatomy, 8tb Edition. 300 Illus. $4.25
HOLDEN. Anatomy. A Manual of Dissections. Revised by A,
Hewson, M.D., DemonstratorofAnatomy,Jefferson Medical College,

Philadelphia. 320 handsome Illustrations. 7th Edition, In two
compact tamo Volumes. 850 Pages. Large New Type.
Vol. I. Scalp—Face—Orbit—Neck—Throat—Thorax—-Upper Ex-

tremity. $1*50
Vol 11 . Abdomen—Perineum—Lower Extremity—Brain—Eye-

Ear—Mammary Gland—Scrotum—Testes. • 50
HOLDEN. Human Osteology. Comprising a Description of the

Bones, with Colored Delineations of the Attachments of the Muscles.
The General and Microscopical Structure of Bone and its Develop-
ment With Lithographic Plates and numerous Illus. 8th Ed. $5.25

HOLDEN, Landmarks. Medical and Surgical 4th Ed. .75

HUGHES AND KEITH. Dissections. With 527 Colored Plates

and other Illustrations, In three Parts. Just Ready.
I, Upper and Lower Extremity. $3.00

II, Abdomen— I'horax $3-oo

III, Head—Neck—Central Nervous System. $3.00
MACALISTER. Human Anatomy. Systematic and Topograph-

ical 816 Illustrations. Cloth, $5.00; Leather, $6.00
McMURRICH. Embryology. The Developmcn; of the Human
Body. 270 Illustrations. $3.00

MARSHALL. Physiological Diagrams. Eleven Life-Size

Colored Diagrams (each seven feet by three feet seven inches).

Designed for Demonstration before the Class.

In Sheets, Unmounted, $40.00; Backed with Muslin and Mounted
on Rollers, $60.00 ; Ditto, Spring Rollers, in Handsome Walnut Wall
Map Case, $100.00; Single Plates—Sheets, $5.00; Mounted, $7.50
Exolanatory Key, .30 Purchaser mustJay freight charges.

MINOT. Embryology. Illustrated. In Press.

POTTER. Corapend of Anatomy, Including Visceral Anatomy.
6th Ed. 16 Lith. Plates and 117 other lUus. .80 ; Interleaved, $1.00

WILSON. Aaatomy. iith Bkiition. 429 Illus., »6 Plates. $s.oo

9.39-02,
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BRAIN AND INSANITY (see also
Nervous Diseases),

BLACKBURN. A Manual of Aut^sies. Desired tor the Use
of Hospitals for the Insane and other rublic Institutions. Ten full-

page Plates and other Illustrations.

CHASE. General Paresis. Illustrated. Jtisi Ready. $\ 75

DERCUM. Mental Therapeutics, Rest, Suggestion. See
Cohen^ Pkysioiogk Therapeutics, page id.

GORDINIER. The Gross and Minute Anatomy of the Central
Nervous System. With full-page and other Illustrations. ^6.oo

HORSLEY. The Brain and Spinal Cord. The Structure and
Functions of. Numerous Illustrations. $2.50

IRELAND. The Mental Affections of Children. 2d Ed. ^.00
LEWIS (BEVAN). Mental Diseases. A Text-Book Having
Special Reference to the Pathological Aspects of Insanity, 26 Litho-
graphic Piates and other Illustrations. 2d Ed. J57.00

MANN. Manual of Psychological Medicine,
PERSHING. Diagnosis of Nervous and Mental Disease.

Illustrated jSi -25

REGIS. Mental Medicine. Authorized Translation by H. M.
Bannister, m.d.

SCHOFIELD. The Force of Mind. Just Ready. ^2.00

STEARNS. Mental Diseases. With a Digest of Laws Relating
to Care of Insane. Illustrated. Cloth, ^2.75 ; Sheep, >3.25

TUKE. Dictionary of Psychological Medicine, Giving the
Definition, Etymology, and Symptoms of the Terms used in Medical
Psychology, with the Symptoms, Pathology, and Treatment of the
Recognized Forms of Mental Disorders. Two volumes. j|io.oo

WOOD, H. C. Brain and Overwork. .40

CHEMISTRY AND TECHNOLOGY.
Special Catalogue of Chemical Books sent free upon application.

ALLEN. Commercial Or^^anic Analysis. A Treatise on the
Modes of Assaying the Various Organic Chemicals and Products
Employed in the Arts, Manufactures, Medicine, etc., with concise
methods for the Detection of Impurities, Adulterations, etc. 8vo.
Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc.. Ethers, Veg-

etable Acids, Starch, Sugars, etc. 3d Edition. $4*50
Vol. II, Part I. Fixed Oils and Fats, Glycerol, Explosives, etc.

3d Edition. $3.30
Vol. 11 , Part II. Hydrocarbons, Mineral Oils, Lubricants, Benzenes,
Naphthalenes and Derivatives, Creosote, Phenols, etc. 3d Ed. 153.50

Vol. II, Part III. Terpenes, Essential Oils, Resins, Camphors, etc.

3d Edition. Preparing.
Vol. HI, Part I. Tannins, Dyes and Coloring Matters. 3d Edition.
Enlarged and Rewritten. Illustrated. l$4-50

Vol. Ill, Part II. The Amines, Hydrazines and Derivatives,
Pyridine Bases. The Antipyretics, etc. Vegetable Alkaloids, Tea,
Coffee, Cocoa, etc. 8vo. 2d Edition. j4 -5o

Vol. Ill, Part III. Vegetable Alkaloids, Non-Basic Vegetable Bitter
Principles. Animal Bases, Animal Acids, Cyanogen Compounds,
etc. 2d Edition, 8vo. ;^4-5o

Vol. IV. The Proteids and Albuminous Principles. 2d Ed. #4.50

BAILEY AND CADY, Qualitative Chemical Analysis. #1.25
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BARTLEY. Medical and Pharmaceutical Chemistry. A
Text-iJook for Medical, Dental, and Pharmaceutical Students, With
Illustrations, Glossary, and Complete Index. 5th Edition. $3.00

BARTLEY. Clinical Chemistry. The Examination of Feces,
Saliva, Gastric Juice, Milk, and Urine. $1.00

8LOXAM. Chemistry, Inorganic and Organic. With Experi-
merits. 9<'h Ed., Revised «8t Eneravings Preparing^,

BUNGE. Physiologic and Pathologic Chemistry. From the
Fourth German Enlarged Edition. Just Ready. ?3.co

CALDWELL. Elements of Qualitative and Quantitative
Chemical Analysis. 3d Edition, Revised. $r.oo

CAMERON. Oils and Varnishes. With Illustrations. ^3.25

CAMERON. Soap and Candles. 54 Illustrations $2.00

CLOWES AND COLEMAN. Quantitative Analysis. 5th
Edition. 122 Illu'-trations. $3-5o

COBLENTZ. Volumetric Analysis. Illustrated. I1-25
CONGDON. Laboratory Instructions in Chemistry. With
Numerous Tables and 56 Illustrations. i.oo

GARDNER. The Brewer, Distiller, and Wine Manufac-
turer. Illustrated.

GRAY. Physics. Volume I. Dynamics and Properties of Matter.

350 Illustrations. $4.50
GROVES AND THORP. Chemical Technology. The Appli-

cation of Chemistry to the Arts and Manufactures.
Vol. I. Fuel and Us Applications. 607 lliustrations and 4 Plates.

Cloth, Js.oo ;
]^Mor.,^6.5o

Vol. 11. Lighting. Illustrated. Cloth, II4.00 ;
Mor.,$5.5o

Vol. III. Gas Lighting. Cloth, $3.50; J4 Mor ,$4 50
Vol. IV. Electric Lighting, Photometry. In Press.

HEUSLER. TheTerpenes. Just Ready. $400
HOLLAND. The Urine, the Gastric Contents, the Common
Poisons, and the Milk, Memoranda, Chemical and Microscopi-
cal, for Laboratory Use. 6th Ed. Illustrated and interleaved, $1.00

LEFFMANN. Comipend of Medical Chemistry, Inorganic
and Organic. 4th Edition, Revised. ,80; Interleaved, #1.00

LEFFMANN. Analysis of Milk and Milk Products. 2d
Edition, Enlarged. Illustrated. Jli.as

LEFFMANN. Water Analysis. For Sanitary and Technic Pur-

poses. Illustrated. 4th Edition. $1.25

LEFFMANN. Structural Formulae. Including 180 Structural

and Stereo-Chemical Formulas. lamo. Interleaved. $1.00

LEFFMANN AND BEAM. Select Methods in Food Analy-
sis. Illustrated $2 50

MUTER. Practical and Analytical Chemistry. 2d American
from the Eighth English Edition. Revised to meet the requirements

of American Students. 56 Illustrations.

OETTEL. Exercises in Electro-Chemistry, Illustrated. ,75

OETTEL. Electro-Chemical Experiments. Illustrated- .75

RICHTER. Inorganic Chemistry. 5th American from xoth Ger-
man Edition. Authorized translation by Edgar F. Smith, m.a.,

PH.D. 89 Illustrations and a Colored Plate. ^^*75

RICHTER. Organic Chemistry. 3d American Edition. Trans,

from the 8th German by Edgar F. Smith. Illustrated. 2 Volumes.

Vol. I. Aliphatic Series. 625 Pages.
Vol. 11. Carbocyclic Series. 671 Pages. $3-®°
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ROCKWOOD. Chemical Analysis for Students of Medicine,
Dentistry, and Pharmacy. Illustrated. $1.50

SMITH. Electro-Chemical Analysis. 3d Ed. 39 Illustrations.

Nearly Ready.

SMITH AND KELLER. Experiments. Arranged for Students
in General Chemistry. 4th Edition. Illustrated .60

SUTTON. Volumetric Analysis. A Systematic Handbook for

the Quantitative Estimation of Chemical Substances by Measure,
Applied to Liquids, Solids, and Gases. 8th Edition, Revised, xia
Illustrations. $5.00

SYMONDS. Manual of Chemistry. 2d Edition. ’ $2.00

TRAUBE. Physico-Chemical Methods. Translated by Hardin.

97 Illustrations. $i*So

THRESH. Water and Water Supplies. 3d Edition. $2.00

ULZER AND FRAENKEL. Chemical Technical Analysis.
Translated by Fleck. Illustrated. $1.25

WOODY. Essentials of Chemistry and Urinalysis, 4th
Edition. Illustrated. $1.50

** Special CaialogTie of Books on Chemistryfree upon application

CHILDREN.
HATFIELD. Compend of Diseases of Children. With s

Colored Plate. 3d Edition, fust Ready, 80 ; Interleaved^ $1.00

IRELAND. The Mental Affections of Children. Idiocy,
Imbecility, Insanity, etc. 2d Edition, j^.oo

POWER. Surgical Diseases of Children and their Treat-
ment by Modern Methods. Illustrated. ^2.50

STARR. The Digestive Organs in Childhood. The Diseases of
the Digestive Organs m Infancy and Childhood. 3d Edition, Rewrit-
ten and Enlarged. Illustrated. $3 co

STARR. Hygiene of the Nursery. Including the General Regi-
men and Feeding of Infants and Children, and the Domestic Manage-
ment of the Ordinary Emergencies of Early Life, Massage, etc. 6th
Edition. 25 Illustrations. " $1.00

SMITH. Wasting Diseases of Children. 6th Edition. $it.oo

TAYLOR AND WELLS. The Diseases of Children, ad Edi-
tion, Revised and Enlarged. Illustrated. 8vo. ^4-50

" It is well worthy the careful study of both student and practitioner,
and can not fail to prove of great value to both. We do not hesitate
to recommend it."—Boston Medical and Surgical Journal.

DIAGNOSIS.
BROWN. Medical Diagnosis. A Manual of Clinical Methods.

4th Edition. 1 12 Illustrations, Cloth, $2.25

DA COSTA. Clinical Hematology. A Practical Guide to Exam-
ination of Blood. 6 Colored Plates. 48 other Illustrations. Just
Ready. Cloth, $5.00 ; Sheep, |6.oo

EMERY. Bacteriological Diagnosis. 2 Coloied Plates and 3a
other Illustrations. Just Ready. #t*50

MEMMINGER. Diagnosis by the Urine. 2d Ed. 24 Ulus. $1.00
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PERSHING. Diagnosis of Nervous and Mental Diseases.
Illustrated.

STEELL. Physical Signs of Pulmonary Disease.

TYSON. Hand-Book of Physical Diagnosis. For Students and
Physicians. By the Professor of Clinical Medicine in the University
of Pennsylvania. Illus. 4th Ed., Improved and Enlarged. With
Two Colored and 55 other illustrations. $i.SO

DENTISTRY.
special Catalogue of Dental Books sent free upon application,

BARRETT. Dental Surgery for General Practitioners and
Students of Medicine and Dentistry. Extraction of Teeth,
etc. 3d Edition, illustrated. $i 00

BROOMELL. Anatomy and Histology of the Human Mouth
and Teeth. Second Edition, Reviised and Enlarged. 337 Hand-
some Illustrations. Cloth, $4.50; Leather, $5,50

FILLEBROWN. A Text-Book of Operative Dentistry.
Written by invitation of the National Association of Dental Facul-
ties. Illustrated. $2*25

GORGAS. Dental Medicine. A Manual of Materia Medicaand
Therapeutics. 7th Edition. Cloth, {4.00 ; Sheep, $5.00

GORGAS. Questions and Answers for the Dental Student.
Embracing all the subjects in the Curriculum of the Dental Student.
Octavo, J16,oo

HARRIS. Principles and Practice of Dentistry. Including
Anatomy, Physiology, Pathology, Therapeutics, Dental Surgery,
and Mechanism. 13th Edition, Revised by F. J. S. Gorgas, m.d.,
D.D.S. 1250 Illustrations. Cloth, j56.oo; Leather, $7.00

HARRIS. Dictionary of Dentistry. Including Definitions of Such
Words and Phrases ofthe Collateral Sciences as Pertain to the Art and
Practice of Dentistry, 6th Edition. Revised and Enlarged by P'er-

DiNAND F. S. Gorga5, M.D., D.D.s. Cioth, $$.00 ; Leather, $(>.00

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor-
oughly Revised and Enlarged by Dr. Gho. W Warren. 691 Illus-

trations. Cloth, ;$5.oo; Leather, $6.00

SMITH. Dental Metallurgy. 2d Edition. Illustrated, in Press.

TAFT. Index of Dental Periodical Literature. $2.00

TOMES, Dental Anatomy. Human and Comparative. 263 Illus-

trations. 5th Edition. I4.00

TOMES. Dental Surgery. 4th Edition. 289 Illustrations. ;$4.oo

WARREN. Compend of Dental Pathology and Dental Medi-
cine. With a Chapter on Emergencies. 3d Edition. Illustrated.

.80; Interleaved,

WARREN. Dental Prosthesis and Metallurgy. 129 Ills. $i.^$

WHITE. The Mouth and Teeth, Illustrated. .40
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DICTIONARIES AND CYCLOPEDIAS
GOULD. The Illustrated Dictionary ot Medicine, Biology
and Allied Sciences, Being an Exhaustive Lexicon of Medicine
and those Sciences Collateral to it: Biology (Zoology and Botany),
Chemistry. Dentistry, Parmacology, Microscopy, etc., with many
useful Tables and numerous fine Illustrations. 1633 pages. 5th Ed.

Sheep or Half Morocco, $10.00 ; with Thumb index, ^ii.oo
Half Russia, Thumb Index, |ii2.co

GOULD. The Medical Student’s Dictionary, iith Edition.
Illustrated. Including all the Words and Phrases Generally Used
in Medicine, with their Proper Pronunciation and Definition, Based
on Recent Medical Literature. With Table of Eponymic Terms and
Tests and Tables of the Bacilli, Micrococci, Mineral Springs, etc.,

of the Arteries, Muscles, Nerves, Ganglia, Plexuses, etc. iith Edi-
tion. Enlarged and illustrated with a large number of Engravings,
840 pages. Half Morocco,

;
with Thumb Index, $3 00

QOULD. The Pocket Pronouncing Medical Lexicon. 4th Edi-
tion. (30,000 Medical Words Pronounced and Defined.) Containing

‘

all the Words, their Definition and Pronunciation, that the Medical,
Dental, or Pharmaceutical Student Generally Comes in Contact
With ; also Elaborate Tables of Eponymic Terms. Arteries, Muscles,
Nerves, Bacilli, etc., etc., a Dose List in both English and Metric
Systems, etc..Arranged in a Most Convenient Korm for Reference and
Memorizing. Fourth Edition, Revised and Enlarged. 838
pages. Full Limp Leather, Gilt Edges, Ji.oo ; Thumb Index, |i.2s

140,000 Copies of Gould’s Dictionaries Have Been Sold,

GOULD AND PYLE, Cyclopedia of Practical Medicine and
Surgery. Seventy-two Special Contributors. Illustrated.
One Volume. A Concise Reference Handbook of Medicine,
Surgery, Obstetrics, Materia Medica, Therapeutics, and the Various
Specialties, with Particular Reference to Diagnosis and Treatment.
Compiled under the Editorial Supervision of George M. Gould,
M.D., Author of “ An Illustratea Dictionary of Medicine,*’ etc.;

and Walter L. Pyle, m.d,, Assistant Surgeon Wills Eye
Hospital ;

formerly Editor “ International Medical Magazine,” etc.,

and Seventy-two Special Contributors. With many Illustrations.

Large Square 8vo, to correspond with Gould’s Illustrated Dic-
tionary,” Full Sheep or HalfM or ,$10.00; with Thumb Index, $11 .00

Half Russia, Thumb Index. $12.00 net.

GOULD AND PYLE. Pocket Cyclopedia of Medicine and
Surgery, Based upon above book and uniform in size with ” Gould’s
Pocket Dictionary.”

Full Limp Leather. Gilt Edges, fi.oo, with Thumb Index, $1.25

HARRIS. Dictionary of Dentistry. Including Definitions of Such
Words and Phrases of the Collateral Sciences as Pertain to the Art
and Practice of Dentistry. 6th Edition. Revised and Enlarged by
Ferdinand J. S. Gorgas, M.D., D.D.s. Cloth, $5,00; Leather, $6.00

LONGLEY. Pocket Medical Dictionary. Cloth, .75

MAXWELL, Terminologia Medica Polyglotta. By Dr.
Theodore Maxwell, Assisted by Others. $3.00

The object of this work is to assist the medical men of any nationality
in reading medical literature written in a lan^age not their own.
Each term is usually given in seven languages, viz. : English, French,
German, Italian, Spanish, Russian, and Latin.

TREVES AND LANG. German-English Medical Dictionary

,

Half Calf, $3.25
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EAR (see also Throat and Nose).

BURNETT. Hearing and How to Keep It. Illustrated. .40

HOVELL. Diseases cl the Ear and Naso-Pharjrnx. Includ-
ing Anatomy and Physiology of the Organ, together with the Treat-
ment of the AflFections of the Nose and Pharynx which Conduce to

Aural Disease. 128 Illustrations, ad Edition. ^5-5?

PRITCHARD. Diseases of the Ear. 3d Edition, Enlarged.
Many Illustrations and Formulae.

ELECTRICITY.
BIGELOW. Plain Talks on Medical Electricity and Bat-
teries. With a Therapeutic Index and a Glossary. 43 Illustra-

tions. 2d Edition. .00

HEDLEY. Therapeutic Electricity and Practical Muscle
Testing, qq Illustrations. $2.50

JACOBY. Electrotherapy. 2 Vols. Illustrated. Sef Coken,
Physiologic Therapeutics ^

page ib.

JONES. Medical Electricity. 3d Edition. 117 Illus. ^3.00

EYE.

A Special Circular of Books on the Eye sent free upon application.

DONDBRS* The Nature and Consequences of Anomalies of

Refraction. With Portrait and Illustrations. Half Morocco, $i .25

PICK. Diseases of the Eye and Ophthalmoscopy. Trans-
lated by A. B. Hals, m. d. 157 Illustrations, many of which are in

colors, and a glossary. Clotii, $4.50; Sheep, #5.50

GOULD AND PYLE. Compend of Diseases of the Eye and
Refraction. Including Treatment and Operations, and a Section

on Local Therapeutics. With Formulas, Useful Tables, a Glossary,

and III Ulus., several of which are in colors, 2d Edition, Revised.
Cloth, .80; Interleaved, f1 .00

GREEFF. The Microscopic Examination of the Eye. Illus-

trated, $^-^5

HARLAN. Eyesight, and How to Care for It. Illus. ,40

HARTRIDGE. Refraction. 104 Illustrations and Test Types,
iith Edition, Enlarged.

HARTRIDGE. On the Ophthalmoscope. 4th Edition. With

4 Colored Plates and 68 Wood-cuts. $^-5°

HANSELL AND REBER. Muscular Anomalies of the Eye.
Illustrated. $1*5^

HANSELL AND BELL. Clinical Ophthalmology. Colored

Plate of Normal Fundus and 120 Illustrations.

JENNINGS. Manual of Ophthalmoscopy. 95 Illustrations and
I Colored Plate. I* *5°
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MORTON. Refraction ot the Eye, Its Diagnosis and the Cor-
rection of its Errors. 6th Edition. Ji.oo

OHLEMANN. Ocular Therapeutics, Authorized Translation,

and Edited by Dr. Charles A. Oliver. ^1.75

PARSONS. Elementary Ophthalmic Optics. With Diagram-
matic Illustrations, $2.00

PHILLIPS. Spectacles and Eyeglasses. Their Prescription

and Adjustment 2d Edition. 49 Illustrations. $1.00

SWANZY. Diseases of the Eye and Their Treatment. 7th

Edition, Revised and Enlarged. 164 Illustrations, i Plain Plate,

and a Zephyr Test Card. $2.50

From The Medieal JTews>

“ Swanzy has succeeded in producing the most intellectually con-

ceived and thoroughly executed resume of the science within the

limits he has assigned himself. As a ‘students' handbook/ small

in size and of moderate price, it can hardly be equaled."

THORINGTON, Retinoscopy. 4th Edition. Carefully Revised.

Illustrated. ^i.oo

THORINGTON. Refraction and How to Refract. 200 Illustra-

tions, 13 of which are Colored. 2d Edition. |6x*5o

WALKER. Students’ Aid in Ophthalmology. Colored Plate

and 40 other Illustrations and Glossary. gr.50

WRIGHT. Ophthalmology. 2d Edition, Revised and Enlarged.

117 Illustrations and a Glossary. $3*oo

FEVERS.
GOODALL AND WASHBOURN. Fevers and Their Treat- .

ment. Illustrated.
.

$3.00

HEART,
THORNE. The Schott Methods of the Treatment of Chronic
Heart Disease. Fourth Edition. Illustrated, /usi Ready. $2.00

HISTOLOGY.
CUSHING. Compend of Histology. By H. H. Cushing, m.d..
Demonstrator of Histology, Jefferson Medical College, Philadelphia.

Illustrated. Nearly Ready. .So; Interleaved, $1.00

STIRLING. Outlines of Practical Histology. 368 Illustrations.

2d Edition, Revised and Enlarged. With new Illustrations. ^2.00

STOHR, Histology and Microscopical Anatomy. Edited by
A. Schafer, m.d.. University of Breslau, formerly Demonstrator of

Histology, Harvard Medical School. Fourth American from 9th Ger-
man Edition, Revised and Enlarged. 379 Illustrations. $3-oo
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HYGIENE AND WATER ANALYSIS.
Sfecial Catalogue of Books on Hygiene sent free upon apfUcaiion.

CANFIELD. Hygiene of the Sick-Room. A Book for Nurses
and Others. Being a Brief Consideration of Asepsis, Antisepsis, Dis-
infection, Bacteriology, Immunity, Heating, Ventilation, etc. gii.as

CONN. Agricultural Bacteriology. Illustrated. #2-50

COPLIN, Practical Hygiene. A Complete American Text-Book.
138 Illustrations. New Edition. Preparing.

HARTSHORNE. Our Homes. Illustrated. .40

KENWOOD. Public Health Laboratory Work. n6 Illustra-

tions and 3 Plates. $2.00

LEFFMANN, Select Methods in Food Analysis. 53 Illustra-

tions and 4 Plates. $2.50

LEFFMANN. Examination ot Water for Sanitary and
Technical Purposes. 4th Edition. Illustrated. $1.25

LEFFMANN. Analysis of Milk and Milk Products. Illus-

trated. Second Edition. ^1.25

LINCOLN. School and Industrial Hygiene. .40

McFarland. Prophylaxis and Personal Hygiene. Care of

the Sick. See Cohen Physiologic Therapeutics
^
page ib.

HOTTER. The Theory and Practice of Hygiene. 15 Plates

and 138 other Illustrations. 8vo. 2d Edition.

PARKES. Hygiene and Public Health. By Louis C. Parkes,
M.D. 6th Edition. Enlarged. Illustrated. #3.00

PARKES. Popular Hygiene. The Elements of Health. A Book
for Lay Readers. Illustrated.

ROSENAU. Disinfection and Disinfectants. Illustrated. 352,00

STARR. The Hygiene of the* Nursery. Including the General
Regimen and Feeding of Infants and Children, and the Domestic
Management of the Ordinary Emergencies of Early Life, Massage,
etc. 6th Edition. 25 Illustrations. Ii-oo

STEVENSON AND MURPHY. A Treatise on Hygiene. By
Various Authors, in Three Octave Volumes. Illustrated.

Vol. I, $6.00; Vol. II, $6.00; Voi. Ill, $5.00

*** Each Volume sold separately. Special Circular upon application.

THRESH. Water and Water Supplies. 3d Edition. ^a.oo

WILSON. Hand-Book of Hygiene and Sanitary Science.
Wirh Illustrations. 8th Edition. $3*oo

WEYL. Sanitary Relations of the Coal-Tar Colors. Author-
ized Translation by Henrv Leffmann, m.d., ph.d. $1.25

LUNGS AND PLEUR.®.
KNOPF. Pulmonary Tuberculosis. Its Modem Prophylaxis
and Treatment in Special Institutions and at Home. Ulus. #3.00

STBELL. Physical Signs of Pulmonary Disease. Ulus. $1.2$
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MASSAGE—PHYSICAL EXERCISE.
OSTROM. Massage and the Original Swedish Move-
ments. Their Application to Various Diseases of the Body. A
Manual for Students, Nurses, and Physicians. Fifth Edition, En-

larged. IIS Illustrations, many of which are original. Ji.oo

MITCHELL AND GULICK. Mechanotherapy, Physical
Education, etc. Illustrated. See Cohen, Physiologic Therapeu-
tics, beloiv.

TREVES. Physical Education. Its Value, Methods, etc. .75

MATERIA MEDICA AND THERA-
PEUTICS.

BIDDLE. Materia Medica and Therapeutics. Including Dose
List, Dietary for the Sick, Table of Parasites, and Memoranda of
New Remedies. 13th Edition, Revised. 64 Illustrations and a
Clinical Index. Cloth, ^4.00 ; Sheep, $5.00

BRACKEN. Outlines of Materia Medica and Pharmacology. $2.75

COBLENTZ. The Newer Remedies. Including their Synonyms,
Sources, Methods of Preparation, Tests, Solubilities, Doses, etc.

3d Edition, Enlarged and Revised. jji.oo

COHEN. Physiologic Therapeutics. Methods other than Drug-
Giving useful in the Prevention of Disease and in the Treatment of
the Sick. Mechanotherapy, Mental Therapeutics, Suggestion,
Electrotherapy. Climatology, Hydrotherapy, Pneumatotherapy,
Prophylaxis, Dietetics, Organotherapy, Phototherapy, Mineral
Waters, Baths, etc. 11 Volumes, Octavo. Illustrated, {Subscrip-
tion!) Cloth, $27.50 ; Yz mor., $38.50

Special Descriptive Circular will he sent upon application,

DAVIS. Materia Medica and Prescription Writing. $1.50

QOROAS. Dental Medicine. A Manual of Materia Medica and
Therapeutics. 7th Edition, Revised. $4.00

GROFF. Materia Medica for Nurses, with questions for Self Exam-
ination. 2d Edition, Revised and Improved. In Press,

HELLER. Essentials of Materia Medica, Pharmacy, and
Prescription Writing. $1.50

MAYS. Theine in the Treatment of Neuralgia. % bound, .50

POTTER. Hand-Book of Materia Medica, Pharmacy, and
Therapeutics, including the Action of Medicines, Special Therapeu-
tics. Pharmacology, etc., including over 600 Prescriptions and For-
mulae. 9th Edition, Revised and Enlarged. With Thumb Index in

each copy. Just Ready. Cloth, $5.00; Sheep, $6.00

POTTER. Compend of Materia Medica, Therapeutics, and
Prescription Writing, with Special Reference to the Physiologi-
cal Action of Drugs. 6th Edition. .80; Interleaved, $1.00

MURRAY. Rough Notes on Remedies, 4th Edition. $1.25



MEDICAL BOOKS. 17

SAYRE. Organic Materia Medina and Pharmacognosy. An
Introduction to the Study of the Vegetable Kingdom and the Vege-
table and Animal Drugs. Comprising the Botanical and Physical
Characteristics, Source, Constituents, and Pharmacopeia! Prepara.-

tions, Insects Injurious to Drugs, and Pharmacal Botany. With
sections on Histology and Microtechnique, by W. C. Stevens.

374 Illustrations, many of which are original, ad Edition.
Cloth, I4.50

TAVERA. Medicinal Plants of the Philippines. $2.00

WHITE AND WILCOX. Materia Medica, Pharmacy, Phar-
macology, and Therapeutics. 5th American Edition, Revised by
Reynold W. Wilcox, m.a., m.d., ll.d., Professor of Clinical

Medicine and Therapeutics at the New York Post-Graduate Medical
School, Cloth, $3.00 ;

l>eather, J63.50

The care with which Dr. Wilcox has performed his work is con-

spicuous on every page, and it is evident that no recent drug possess-

ing any merit has escaped his eye. We believe, on the whole, this is

the best book on Materia Medica and Therapeutics to place in the

hands of students, and the practitioner will find it a most satisfactory

work for daily use."— The Cleveland Medical Gazette

.

MEDICAL JURISPRUDENCE AND
TOXICOLOGY.

REESE. Medical Jurisprudence and Toxicology. A Text-Book
for Medical and Legal Practitioners and Students. 5th Edition.

Revised by Henry Lefpmann, m.d. C1o,,$3.co; Leather, $3.50

“ To the student of medical jurisprudence and toxicology it is in-

valuable, as it is concise, dear, and thorough in every respect."—7%^
AmericanJournal ofthe Medical Sciences.

MANN. Forensic Medicine and Toxicology, lllus. JI6.50

TANNER. Memoranda of Poisons. Their Antidotes and Tests.

8th Edition, by Dr. Henry Leffmann. .75

MICROSCOPY.
CARPENTER. The Microscope and Its Revelations. 8th

Edition, Revised and Enlarged 817 Illustratinus and 23 Plates.

Cloth, |8.co: Half Morocco, ^,00

LEE. The Microtomist’s Vade Mecum. A Hand-Book oi

Methods of Microscopical Anatomy. 887 Articles. 5th Edition,

Enlarged. ^4.00

OERTEL. Medical Microscopy. A Guide to Diagnosis, Ele-

mentary Laboratory Methods and Microscopic Technic. 120 Illus-

trations, Nearly Ready.

REEVES. Medical Microscopy, including Chapters on Bacteri-

ology, Neoplasms, Urinary Examination, etc. Numerous Illus-

trations, some of whieijpare printed in colors. ^2.50

WETHERED. Medical Microscopy.* A Guide to the Use of the

Mioroscope in Practical Medicine. 100 Illustrations. Jt*.oo
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MISCELLANEOUS.
BERRY. Diseases of Thyroid Gland. Illustrated, ^4.00

BURNETT. Foods and Dietaries. A Manual of Clinical Diet-
etics, 2d Edition, $1,50

BUXTON. Anesthetics. Illustrated. 3d Edition. jEi-So

COHEN, Organotherapy. See C&ken, Physiologic Tkerapeuiks,
page lb.

DAVIS. Dietotherapy. Food in Health and Disease. With
Tables of Dietaries, Relative Value of Foods, etc. See Cohen^
Physiologic Therapeutics

,
page ib,

FRENKEL. Tabetic Alaxia. Just Ready. $3,00

GOULD. Borderland Studies. Miscellaneous Addresses and
Essays. lamo. $2.00

GREENE. Medical Examination for Life Insurance, Illus-

trated. With Colored and other Engravings. ;$4,oo

HAIG. Causation of Disease by Uric Acid. The Pathology of

High Arterial Tension, Headache, Epilepsy, Gout, Rheumatism,
Diabetes, Bright's Disease, etc. sthEdition. #3.00

HAIG. Diet and Food. Considered in Relation to Strength and
Power of Endurance. 4th Edition. $1.00

HENRY. A Practical Treatise on Anemia, Half Cloth, .50

LEFFMANN. Food Analysis. Illustrated. $2.50

NEW SYDENHAM SOCIETY’S PUBLICATIONS. Circulars
upon application. Per Annum, $8.00

OSGOOD. The Winter and Its Dangers. .40

PACKARD. Sea Air and Sea Bathing. .40

RICHARDSON. Long Life and How to Reach It. .40

TISSIER. Pneumatothcrapy. See Cohen, Physiologic Therapeu-
tics, page lb.

TURNBULL. Artificial Anesthesia. !j.th Edition. Ulus. ^2.50

WEBER AND HINSDALE. Climatology and Health
Resorts, Including Mineral Springs. 2 Vols. Illus rated with
Colored Maps. See Cohen, Physiologic Therapeutics

,
page ib.

WILSON. The Summer and Its Diseases. .40

WINTERNIT2 . Hydrotherapy, Thermotherapy, Photo-
therapy, Mineral Waters, Baths, etc. Illustrated. See Cohen,
Physiologic Therapeutics

^
page ib.

NERVOUS DISEASES.
DERCUM. Rest, Suggestion, Mental Therapeutics. See

Cohen, Physiolos,ic Therapeutics
, page lO.

GORDINIER. The Gross and Minute Anatomy of the Cen-
tral Nervous System. With 271 original Colored and other
Illustrations, * Cloth, %6 00; Sheep, JS7.00

GOWERS. Syphilis and the Nervous System, ^i.oo
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GOWERS. Manual of Diseases of the Nervous System. A
Complete Text-Book. Revised, Enlarged, and m many parts Re-
written. With many new Illustrations. Two volumes.
Vol. I. Diseases of the Nerves and Spinal Cord. 3d Edition, En-
larged. Cloth, J4.oo; Sheep, ^5.00

Vol. II. Diseases of the Brain and Cranial Nerves ; General and
Functional Disease. 2d Edition. Cloth, I4.00 ; Sheep, $5.00

GOWERS. Epilepsy and Other Chronic Convulsive Diseases.
2d Edition. $3.00

HORSLEY. The Brain and Spinal Cord. The Structure and
Functions of. Numerous Illustrations. $2-50

ORMEROD. Diseases of the Nervous System. 66 Wood En-
gravings. jgi.oo

PERSHING. Diagnosis of Nervous and Mental Diseases.
Illustrated.

PRESTON. Hysteria and Certain Allied Conditions. Their
Nature and Treatment. Illustrated. $2.00

WOOD. Brain Work and Overwork. .40

NURSING (see also Massage),

special Catalogue of Boohsfor Nurses sent free upon appltcation,

CANFIELD. Hygiene of the Sick-Room. A Book for Nurses and
Others. Being a Brief Consideration of Asepsis, Antisepsis, Disinfec-
tion^ Bacteriology, Immunity, Heating and Ventilation, and Kindred
Subjects for the Use of Nurses and Other Intelligent Women. $1.9$

CUFF. Lectures to Nurses on Medicine. Third Edition. ^1.25

DAVIS. Bandaging. Its Principles and Practice. 163 Original
Illustrations. Just Ready.

DOMVILLE. Manual for Nurses and Others Engaged in At-
tending the Sick. 9th Edition. With Recipes for Sick-room Cook-
ery, etc. In Press,

FULLERTON. Obstetric Nursing. 41 lUs. sth Ed. $1.00

FULLERTON, Surgical Nursing. 3d Ed. 69 Ills. $1.00

GROFF. Materia Medica for Nurses. With Questions for Self-Ex-
amination. 2d Edition, Revised and Improved. Just Ready. $1.9$

HADLEY. General, Medical, and Surgical Nursing. A very
Complete Manual, Including Sick-Rt)Om Cookery, fust Ready. $1.25

HUMPHREY. A Manual for Nurses. Including General
Anatomy and Physiology, Management of the Sick Room, etc.

23d Edition. 79 Illustrations. ^i.oo

STARR. The Hygiene of the Nursery. Including the General
Regimen and Feeding of Infants and Children, and the Domestic Man-
agement of the Ordinary Emergencies of Early Life, Massage, etc. 6th
Edition. 25 Illustrations. Jfi.oo

TEMPERATURE AND CLINICAL CHARTS. See page 24.

VOSWINKBL. Surgical Nursing. Second Edition, Enlarged.
XX2 Illustrations. |z.oo
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OBSTETRICS.
CA2EAUX AND TARNIER. Midwifery. With Appendix by
MundA. The Theory and Practice of Obstetrics, including the Dis-
eases oi Pregnancy and Parturition, Obstetrical Operations, etc.

8th Edition. Illustrated by Colored and other fiill-page Plates, and
numerous Wood Engravings. Cloth, 1^.50 ; Full Leather, $5.50

EDGAR. Text-Book of Obstetrics. By J. Clifton Edgar,
M.D., Professor of Obstetrics, Medical Department of Cornell
University, New York City. Elaborately Illustrated. ‘ In Press,

FULLERTON. Obstetric Nursing. 5th Ed. Illustrated. $1.00

LANDIS. Compend of Obstetrics. 7th Edition, Revised by Wm.
H. Wells, Demonstrator of Clinical Obstetrics, Jefferson Medical
College. 52 Illustrations. .80; Interleaved, .00

WINCKEL. Text-Book of Obstetrics, Including the Pathol-
ogy and Therapeutics of the Puerperal State. Ulus. $5.00

PATHOLOGY—BACTERIOLOGY.
BLACK. Micro-Organisms. The Formation of Poisons. .75

BLACKBURN. Autopsies. A Manual of Autopsies De.signed for
the Use of Hospitals for the Insane and other Public Institutions.
Ten full-page Plates and other Illustrations. $1.35

CONN. Agricultural Bacteriology. Illustrated. $2.50

CONN. Bacteria in Milk Products. Illustrated. In Press.

COPLIN. Manual of Pathology, Including Bacteriology, Technic
of Post-Mortems, Methods of Pathologic Research, etc. 330 Illus-

trations, 7 Colored Plates. 3d Edition. $3-50
DA COSTA. Clinical Hematology. A Practical Guide to the
Examination of the Blood. Six Colored Plates and 48 Illustrations.

Jusi Ready. Cloth, $5.00 ; Sheep, J6.00
EMERY. Bacteriological Diagnosis. 2 Colored Plates and 32

other Illustrations. Just Ready.

HEWLETT. Manual of Bacteriology. 75 Illustrations. Second
Edition, Revised and Enlarged. Just Ready. $4.00

LAZERUS-BARLOW. Pathological Anatomy. Nearly Ready.

ROBERTS. Gynecological Pathology. Illustrated. $S.oo

SMITH. Laboratory Exercises in Bacteriology. Illustrated.

Just Ready. |i.5o

THAYER. Compend of General Pathology. Illustrated.

Just Ready. .80 ;
Interleaved, $i.co

THAYER. Compend of Special Pathology. Illustrated.

Just Ready. .80 ; Interleaved, ^i.oo

VIRCHOW. Post-Mortem Examinations. 3d Edition. ,75
WHITACRE. Laboratory Text-Book of Pathology, With

121 Illustrations. #1.50
WILLIAMS. Bacteriology. A Manual for Students. 90 Illus-

trations. 2d Edition, Revised. $1.50

PHARMACY.
special Caialague of Books on Pharmacy sent free upon application.

COBLENTZ. Manual of Pharmacy. A Complete Text-Book
by the Professor in the New York College of Pharmacy, ad Edition,
Revised and Enlarged. 437 Ulus. Cloth, fe.So; Sheep, $4.50

COBLENTZ. Volumetric Analysia. Illustrated. JI1.2S
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BEASLEY. Book of 3100 Prescriptions. Collected from the
Practice of the Most Eminent Physicians and Surgeons—English,
French, and American. A Compendious Historj' ot the Materia
Medica, Lists of the Doses of all the Officinal and Established Pre-
parations, an Imdexof Diseases and their Remedies. 7th £d. ^2.00

BEASLEY, Druggists’ General Receipt Book. Comprising
a Copious Veterinary Formulary, Recipes in Patent and Proprietary
Medicines, Druggists’ Nostrums, etc. ; Perfumery and Cosmetics,
Beverages, Dietetic Articles and Condiments, Trade Chemicals,
Scientific Processes, and many Useful Tables. 10th Ed. ^2.00

BEASLEY. Pharmaceutical Formulary. A Synopsis of the
British, French, German, and United States Pharmacopoeias. Com-
prising Standard and Approved Formulae for the Preparations and
Compounds Employed in Medicine. j2th Edition. J2.00

PROCTOR. Practical Pharmacy. 3d Edition, with Illustrations

and Elaborate Tables of Chemical Solubilities, etc.

ROBINSON. Latin Grammar of Pharmacy and Medicine.
3d Edition. With elaborate Vocabularies. 3St-75

SAYRE. Organic Materia Medica and Pharmacognosy. An
Introduction to the Study of the Vegetable Kingdom and the Vege-
table and Animal Drugs. Comprising the Botanical and Physical
Characteristics, Source, Constituents, and Pharmacopeial Prepar-
ations, Insects Injurious to Drugs, and Parmacal Botany. With
sections on Histology and Microtechnique, by W. C. Stevens.

374 Illustrations. Second Edition. Cloth, $4.50

SCOVILLE. The Art of Compounding. Second Edition, Re-
vised and Enlarged. Cloth, $2.50

STEWART. Compend of Pharmacy. Based upon ** Reming-
ton’s Text-Book of Pharmacy.” 5th Edition, Revised in Accord-
ance "With the U. S. Pharmacopoeia, 1890. Complete Tables ot

Metric and English Weights and Measures. .80 ; Interleaved, $x.q&

TAVERA. Medicinal Plants of the Philippines. ^2.00

UNITED STATES PHARMACOPCEIA. 7th Decennial Revision.

Cloth, |2.so (postpaid, /|2.77) ; Sheep, $3.00 (postpaid, $3.27) ;
Inter-

leaved, ^.00 (postpaid, $4-So); Printed on one side of page only,

unbound, $3.50 (postpaid, $3.90).
Select Tables from the U. S. P. Being Nine of the Most Impor-

tant and Useful Tables, Printed on Separate Sheets. .25

POTTER. Hand-Book of Materia Medica, Pharmacy, and
Therapeutics. 600 Prescriptions. 8th Ed. Clo., ^5.00 ;

Sh., $6.00

PHYSIOLOGY.
BIRCH, Practical Physiology. An Elementary Class Book.
62 Illustrations. $^*75

BRUBAKER. Compend ot Physiology, nth Edition, Revised
and Enlarged, Illustrated. J'ust Ready. 80 ; Interleaved, $i .00

JONES. Outlines of Physiology. 96 Illustrations, $1.50

KIRKES. Handbook of Physiology. 17th Authorized Edition.

Revised, Rearranged, and Enlarged. By Prof. W. D. Hallibur-
ton, of Kings College, London. 68t Illustrations, some of which
are in colors. Cloth, $3.00 ; I-eather $3.75
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LANDOI3. A Text-Book of Human Physiology, Including
Histology and Microscopical Anatomy, with Special Reference to

the Requirements of Practical Medicine. 5th American, translated

from the last German Edition, with Additions by Wm. Stirling,
W[.D,,n.sc. 84s Illtis.; many of which are printed in colors. In Press.

STARLING. Elements of Human Physiology. 100 Ills. $1.00
STIRLING, Outlines of Practical Physiology. Including
Chemical and Experimental Physiology, with Specif Reference to

Practical Medicine, 3d Edition. 289 Illustrations. $2.00
TYSON. Cell Doctrine. Its History and Present State. $1.50

PRACTICE.
BEALE. On Slight Ailments

; their Nature and Treatment.
2d Edition, Enlarged and Illustrated. Ii.as

FAGGE. Practice of Medicine. 4th Edition, by P. H. Pye-
Smith, M D. 2 Volumes. Just Ready. Vol. I, J6.00 ; Vol. Ii,;$6.oo

FOWLER. Dictionary of Practical Medicine, By various
writers. An Encyclopaedia ofMedicine. Clo., $3.00; Half Mor. $4.00
GOULD AND PYLE. Cyclopedia of Practical Medicine and
Surgery. A Concise Reference Handbook, with particular Refer-
ence to Diagnosis and Treatment. Edited by Drs Gould and
Pyle, Assisted by 72 Special Contributors. Illustrated, one volume.
Large Square Octavo, Uniform with *' Gould's Illustrated Diction-
ary.” Sheep or Half Mor., $10.00 ; with Thumb Index, $xx.oo

Half Russia, Thumb Index, $12 00
Complete descriptive circular free upon application.

GOULD AND PYLE’S Pocket Cyclopedia of Medicine aud
Surgery. Based upon the above and Uniform with ” GoulJ^
Pocket Dictionary.” Full Limp Leather, Gilt Edges, Round Corners,
$i 00. With Thumb Index, $1.25

HUGHES. Compend of the Practice of Mediciae. 6th Edition,
Revised and Enlarged.
Part 1 . Continued, Eruptive, and Periodical Fevers, Diseases of the

Stomach, Intestines, Peritoneum, Biliary Passages, Liver, Kid-
neys, etc., and General Diseases, etc.

Part II. Diseases of the Respiratory System, Circulatory System,
and Nervous System; Diseases of the Blood, etc.

Price of each part, .80; Interleaved, $1.00
Physician’s Edition. In one volume, including the above two

parts, a Section on Skin Diseases, and an Index. 6th Revised
Edition. 625 pp. Full Morocco, Gilt Edge, $2.25

MURRAY. Rough Notes on Remedies. 4th Ed.

TAYLOR. Practice of Medicine, 6th Edition. l4*oo

TYSON. The Practice of Medicine, By James Tyson, m.d.,
Professor of Medicine in the University of Pennsylvania. A Com-
plete Systematic Text-book with Special Reference to Diagnosis and
Treatment. 2d Edition, Enlarged and Revised. Colored Plates and
125 other Illustrations. 1222 Pages. Cloth, $5 .

So; Leather, $6,50

STOMACH. INTESTINES.
FENWICK, Cancer of the Stomach. In Press.
HEMMETER. Diseases of the Stomach, Their Special Path-
ology, Diagnosis, and Treatment. With Sections on Anatomy,
Anmysis of Stomach Contents, Dietetics, Surgery of the Stomach,
etc. 3d Edition, Revised. With 15 Plates and 41 other Illustrations,

a number of which are in Colors. Just Ready.
Cloth, $6.00; Sheep, $7.00
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HEMMETER. Diseases ofthe Intestines. Their Special Path-
ology, Diagnosis, and Treatment. With Sections cm Anatomy and
Physiology, Microscopic and Chemic Examination of Intestinal
Contents, Secretions, Feces and Urine, intestinal Bacteria and
Parasites, Surgery of the Intestines, Dietetics, Diseases of the
Rectum, etc. With Full-page Colored Plates and many other
Original Illustrations. 2 Volumes. Octavo. Just Ready.

Price of each Volume, Cloth, ^5.00; Sheep, ^6.oo

SKIN.
BULKLEY. The Skin in Health and Disease. Illustrated. .40

CROCKER. Diseases of the Skin. Their Description, Pathol-
ogy, Diagnosis, and Treatment, with Special Reference to the Skin
Eruptions of Children. 3d Edition, Thoroughly Revised. With
New Illustrations. Nearly Ready. $5.00

SCHAMBERG. Diseases of the Skin, sd Edition, Revised and
Enlarged. 105 Illustrations. Being No. 16 ? Quiz-Compend? Series.

Cloth, ,80 ; Interleaved, fx.oo
VAN HARLINGEN. On Skin Diseases. A Practical Manual

of Diagnosis and Treatment, with special reference to Differential

Diagnosis. 3d Edition, Revised and Enlarged. With Formula
and 6d Illustrations, some of which are printed in colors. $2.75

SURGERY AND SURGICAL DIS-
EASES (see also Urinary Organs).

BERRY. Diseases of the Thyroid Gland and Their Surgical

Treatment. Illustrated. ^4.00

BUTLIN. Operative Surgery of Malignant Disease, ad Edi-

tion. Illustrated. Octavo. J54-50

DAVIS. Bandaging. Its Principles and Practice. 163 Origina

Illustrations. 50

DEAVER. Surgical Anatomy. A Treatise on Human Anatomy
in its Application to Medicine and Surgery. With about 430 very
Handsome fiill-page Illustrations Engraved from Original Drawings
made by special Artists from Dissections prepared for the purpose

.

Three Volumes. Royal Square Octavo.
Cloth, $2x.oo; Half Morocco or Sheep, $24.00 ;

Half Russia, $27.00

Caffzjleie descrijiive circular and special terms upon application.

DEAVER. Appendicitis, Its Symptoms, Diagnosis, Pathol-
ogy, Treatment, and Complications. Elaborately illustrated

with Colored Plates and other Illustrations. 3d Edition. Preparing.

DULLES. What to Do First in Accidents and Poisoning.
5th Edition. New Illustrations. $1.00

FULLERTON, Surgical Nursing. 3d Edition. 69lilus. $i.oo

HAMILTON, Lectures on Tumors. 3d Edition. $1.25

HEATH. Minor Surgery and Bandaging 12th Edition, Revised

and Enlarged. 195 IlTus., Formxiiac, Diet List, etc. $i-5o

HEATH. Clinical Lectures on Surgical Subjects. Second

Series. Just Ready. $2.00

HORWITZ. Compend of Surgery and Bandaging, including

Minor Surgery, Amputations, Fractures, Dislocations, Surgical Dis-

eases, etc., with Differential Diagnosis and Treatment. 5th Edition,

very much Enlarged and Rearranged. 167 Illustrations, q8 Formulae.

Cloth, .80 ;
Interleaved, $1.00
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JACOBSON. Operations of Surgery. 4th Edition, Enlarged:

550 Illustrations. Two Volumes. Cloth, iio.oo; Leather, $1*.00

KEAY. Medical Treatment of Gall Stones. Just Ready. $1.25
KEHR. Gall-Stone Disease. Translated by William Wotkyns
Seymour, m.d. j $2.50

MAKINS. Surgical Experiences in South Africa. 1899-1900.
Illustrated. J64*oo

MAYLARD. Surgery ofthe Alimentary Canal. 97 Illustrations.

sd Edition, Revised. jSs-oo

MOULLIN. Text-Book of Surge:^. With Special Reference to

Treatment. 3d American Edition. Revised and edited by John E.
Hamilton, m.d., ll.d.. Professor of the Principles of Surgery and
Clinical Surgery, Rush Medical College, Chicago. 623 Illustrations,

many of which are printed in colors. Cloth, $6,00

;

Leather, $7.00

SMITH. Abdominal Surgery. Being a Systematic Description of

all the Principal Operations. 224 IIlus. 6th Ed. 2 Vols. Clo., $10.00

VOSWINKEL. Surgical Nursing. Second Edition, Revised and
Enlarged, in Illustrations. $1.00

WALSHAM. Manual of Practical Surgery. 7th Ed., Re-
vised and Enlarged. 483 Engravings. 950 pages. $3.50

TEMPERATURE CHARTS, ETC.
GRIFFITH. Graphic Clinical Chart for Recording Temper-
ature, Respiration, Pulse, Day of Disease, Date, Age, Sex,
Occupation, Name, etc. Printed in three colors. Sample copies
free. Put up in loose packages of fifty, .50. Price to Hospitals, 500
copies, $4.00 ;

1000 copies, $7.50.

KEEN’S CLINICAL CHARTS. Seven Outline Drawings of the
Body, on which may be marked the Course of Disease, Fractures,
Operations, etc. Each Drawing may be had separately, twenty-five
to pad, 25 cents.

SCHREINER. Diet Lists. Arranged in the form of a chart.
With Pamphlets of Specimen Dietaries. Pads of 50. .75

THROAT AND NOSE (see also Ear).

COHEN, The Throat and Voice. Illustrated. .40

HALL. Diseases of the Nose and Throat. 2d Edition, Enlarged.
Two Colored Plates and 80 Illustrations. $2‘7S

HOLLOPETER. Hay Fever. Its Successful Treatment, $1,00
KNIGHT. Diseases of the Throat. A Manual for Students.

Illustrated. Nearly Ready.

McBRIDE. Diseases of the Throat, Nose, and Ear. With col-

ored Illustrations from original drawings. 3d jEdition. $7.00

POTTER, Speech and its Defects. Considered Physiologically,
Pathologically, and Remedially. $1.00

URINE AND URINARY ORGANS.
ACTON. The Functions and Disorders of the Reproductive
Organs in Childhood, Youth, Adult Age, and Advanced Life,
Considered in their Physiological, Social, and Moral Relations.
3th Edition. $1.75
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HOLLAND. The Urine, the Gastric Contents, the Common
Poisons, and the Milk. Memoranda, Chemical and Microscopi-
cal, for Laboratory Use. Illustrated and Interleaved. 6th Ed. $t.oo

KLEEN. Diabetes and Glycosuria. $2.50

MEMMINGER. Diagnosis by the Urine. 2d Ed. 24 lUus. $i.oo

MORRIS. Renal Surgery, with Special Reference to Stone in the
Kidney and Ureter and to the Surgical Treatment of Calculous
Anuria. Illustrated. $2.00.

MOULLIN. Enlargement of the Prostate. Its Treatment and
Radical Cure. 2d Edition. Illustrated. $1.75

MOULLIN. Inflammation of the Bladder and Urinary Fever.
Octavo. $1.50

SCOTT, The Urine. Its Clinical and Microscopical Examination.

41 Lithographic Plates and other Illustrations. Quarto. Cloth, $5.00

TYSON. Guide to Examination of the Urine. For the Use of

Physicians and Students. With Colored Plate and Numerous Illus-

trations engraved on* wood. loth Edition, Revised, Enlarged, and ’

partly Rewritten. With' New Illustrations. /us£ Ready. jli.50

VAN NUYS. Chemical Analysis of Urine, 39 Ulus. $r.oo

VENEREAL DISEASES.
GOWERS. Syphilis and the Nervous System. $1.00

STURGIS AND CABOT. Student’s Manual of Venereal
Diseases. 7th Revised and Enlarged Ed lamo,

VETERINARY.
BALLOU. Veterinary Anatomy and Physiology. 29 Graphic

Illustrations, .80; Interleaved, .00

WOMEN, DISEASES OF.
BISHOP. Uterine Fibromyomata. Their Pathology, Diagnosis,

and Treatment, illustrated. Cloth, $3.50

BYFORD (H. T.). Manual of Gynecology. Third Edition,

Revised and Enlarged. 363 Illustrations, /usi Ready, fS-oo

DUHRSSEN, A Manual of Gynecological Practice. 105

Illustrations.

FULLERTON. Surgical Nursing. 3d Edition, Revised and

Enlarged. 69 Illustrations. |i.oo

LEWERS. Diseases of Women. 146 Ulus. 5th Ed. $2.50

MONTGOMERY. Practical Gynecology. A Complete Sys-

tematic Text-Book. 527 Illustrations. Cloth, $5.00 ;
Leather, $6.00

ROBERTS. Gynecological Pathology. With 127 FuU-page

Plates containing 151 Figures. >6.00

WELLS. Compend of Gynecology. Illustrated. 2d Edition.

.80; Interleaved, |x.00



“We know ot no series of books issued by any house that ^ fully

meets our approval as these ? Quiz-Compends ?. They are well ar*

ranged, full, and concise, and are really the best line of text-books that

could be found for cither student or practitioner."—Sottihern Clinic,

BLAKISTON^S ? QUIZ-COMPENDS?
The Best Series of Maauals for the ITse of Students,

Price of each. Cloth, .80. interleaved, for taking Notes, $1.00.

These Compends are based on the most popular text-books and
the lectures of prominent professors, and are kept constantly re-
vised, so that they may thoroughlv repre‘;ent the present state of the
subjects upon which they treat The authors have had large experi-

ence as Quiz-Masters and attaches of colleges, and are well acquainted
with the wants of students. They are arranged in the most ap-
proved form, thorough and concise, containing nearly looo illustra-
tions and lithograph plates, inserted wherever they could be used to

advantage. Can be used by students of any college. They contain
information nowhere else collected m such a condensed, practical shape.

No. I. POTTER. HUMAN ANATOMY. Sixth Edition. 117
lilustrations and 16 Plates of Nerves and Arteries.

No. 2. HUGHES. PRACTICE OP MEDICINE. Part I. Sixth
Edition, Enlarged and Improved.

No. 3 . HUGHES. PRACTICE OF MEDICINE. Part 11.

Sixth Edition, Revised and Improved.

No. 4. BRUBAKER. PHYSIOLOGY. Eleventh Edition. lUus,

No. 5. LANDIS. OBSTETRICS. Seventh Edition. 52 Ulus.

No. 6. POTTER. MATERIA MEDICA, THERAPEUTICS,
AND PRESCRIPTION WRITING. Sixth Revised Edition,

No. 7 . WELLS. GYNECOLOGY. Second Ed. 140 lUus.

No. 8. GOULD AND PYLE. DISEASES OF THE EYE.
Second Edition. Refraction, Treatment, Surgery, etc. 109 Ulus.

No. g. HORWITE. SURGERY. Including Minor Surgery,
Bandaging, Surgical Diseases, Differential Diagnosis and Treat-
ment. Fifth E^tion. With 98 Formulae and 71 Illustrations.

No. 10. LEFFMANN. MEDICAL CHEMISTRY. Fourth
Edition. Including Urinalysis, Animal Chemistry, Chemistry ot
Milk, Blood, Tissues, the Secretions, etc.

No. II. STEWART. PHARMACY. Fifth Edition. Based upon
Prof. Remington*s Text-Book of Pharmacy.

No. 12. BALLOU. VETERINARY ANATOMY AND PHY-
SIOLOGY. 29 graphic illustrations.

No. 13. WARREN. DENTAL PATHOLOGY AND DEN-
TAL MEDICINE. Third Edition, Illustrated.

No. 14. HATFIELD. DISEASES OP CHILDREN, zd Ed.

No. 15. THAYER. GENERAL PATHOLOGY. 78 Ulus.

No. 16. SCHAMBERG. DISEASES OF THE SKIN. Second
Edition, Revised and Enlarged. 105 Illustrations.

No. 17. CUSHING. HISTOLOGY. Illustrated.

No. 18. THAYER. SPECIAL PATHOLOGY. 34 Illustrations.

Careful attention has been given to the construction of each sentence,
and while the

,
books will be found to contain an immense amount of

knowledge in small space, they will likewise be found easy reading

26



DA COSTA

Clinical Hematology

A Practical Guide to the Examination of the Blood by

Clinical Methods. With Reference to the Diagnosis of

Disease. With Colored Illustrations. Cloth, S5 00

•^,^'''-A new, thorough, systematic, and comprehensive

work, its purpose being, first, to show how to examine the

blood, and second, how to diagnose from such examination

diseases of the blood itself and general diseases. The

author’s aim has been to cover not alone the field of original

research, but to supply a book for the student, the hospital

physician and the general practitioner. It will be found

wanting in none of these respects.

OERTEL

Medical Microscopy
NEARLY READY

A GUIDE TO DIAGNOSIS, ELEMEN-

TARY LABORATORY METHODS,

AND MICROSCOPIC TECHNIC

By T. E. Oertel, M.D.^

Professor of Pathology and Clinical Microscopy, Medical Depart-

ment, University of Georgia.

WITH 120 ILLUSTRATIONS
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JACOBSON^S

Operations of Surgery

The Operations of Surgery. By W. H. A.

Jacobson, f.r.c.s., Surgeon to Guy’s Hospital;

Consulting Surgeon Royal Hospital for Children

and Women; Member Court of Examiners Royal

College of Surgeons; Joint Editor Annals of Sur-

gery; and F. J. Steward, f.r.c.s., Assistant

Surgeon Guy’s Hospital and to the Hospital for

Sick Children. Fourth Edition, Revised, En-

larged and Improved. 550 Illustrations. Two

Volumes, Octavo, 1524 pages. Cloth, $10.00

Sheep, $12.00

PRESS NOTICES OF FORMER EDITIONS

“ The author proves himself a judicious operator, as

shown by his choice of methods and by the emphasis with

which he refers to the different dangers and complications

which may arise to mar success or jeopardize life.”

—

Yo7'k Medical Recoi'd.

“ The important anatomical points are clearly set forth,

the conditions indicating or contraindicating operative inter-

ference are given, the details of the operations themselves

are brought forward prominently, and frequently the after-

treatment is considered. Herein is one of the strong points

of the book.”— Yo7‘k MedicalJouniaL
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The Pocket Cyclopedia, of

Medicine and Surgery

Full Limp Leather, Round Corners, Gilt Edges, $1.00

With Thumb Index, $1.25

Uniform nuUh ** Gould*s Pocket Dictionary **

A concise practical volume of nearly 600

pages, containing a vast amount of infor-

mation on all medical subjects, incindiiig

Diagnosis and Treatment of Disease,

with Formulas and Prescriptions, Emer-

gencies, Poisons, Drugs and Their Uses,

Nursing, Surgical Procedures, Dose List

in both English and Metric Systems, etc.

ByJ)rs. Gould and Pyle

Based upon their large Cyclopedia of

Medicine and Surgery." ^ ^

This is a new book which will prove of the greatest

value to students. It is to the broad field of general medi-

cal information what “Gould’s Pocket Dictionary” is to

the more special one of definition and pronunciation of

words. The articles are concise but thorough, and arranged

in shape for quick reference, in no other book can be

found so much exact detailed knowledge so conveniently

classified, so evenly distributed, so methodically grouped-

It is MuUtmi in Parvo.

29



A NEW EDITION

Crocker on the Skin

The Diseases of the Skin. Their Description, Pathology,

Diagnosis, and Treatment, with Special Reference to the

Skin Eruptions of Children. By H. Radcliffe Crocker,

M.D., Physician to the Department of Skin Diseases, Uni-

versity College Hospital, London. With new Illustrations.

Third Edition, Rewritten and Enlarged

NEARLY READY; CLOTH, $5.00

This new edition will easily hold the high position

given the previous printings. The author is a member of

American, English, PTeneb, German, and Italian Dermato-
logical Societies, and a recognized authority the world over.

STURGIS—MANUAL OF

VENEREAL DISEASES

By F. R. Sturgis, m.d.. Sometime Clinical Professor of

Venereal Diseases in the Medical Department of the Uni-

versity of the City of New York. Seventh Edition, Revised

and in Part Rewritten by the Author and Follen Cabot,

M.D., Instructor in Genito-Urinary and Venereal Diseases

in the Cornell University Medical College. i2mo. 216

pages. Cloth, ^1.25

*** This manual was originally written for students’

use, and is as concise and as practical as possible. It pre-

sents a careful, condensed description of the commoner
forms of venereal diseases which occur in the practice of

the general physician, together with the most approved
remedies,

SO



FOR THE DISSECTING ROOM

Holden’s Anatomy—Seventh Edition

320 Illastrations

A Manual of the Dissections of the Human Body. By John
Langton, f. r. c. s. Carefully Revised by A. Hewson , M. d.

,

Demonstrator of Anatomy. Jefferson Medical College, Phila-

delphia, etc. 320 Illustrations. Two small compact vol-

umes. i2mo.

Vol. I. Scalp, Face, Orbit, Neck, Throat, Thorax, Upper
Extremity. 435 pages. 153 Illustrations.

Oil Cloth, $1.50

Vol. II. Abdomen, Perineum, Lower Extremity, Brain,

Eye, Ear, Mammary Gland, Scrotum, Testes.

445 Paiges. 167 Illustrations.

Oil Cloth, $1.50

Each volume sold separately^

Hughes SLivd . Keith— Dissections

IIIustreLted

A Manual of Dissections by Alfred W. Hughes, m.b.,

M.R.C.S. (Edin. ), late Professor of Anatomy and Dean of

Medical Faculty, King’s College, London, etc., and Arthur
Keith, m.D., Joint Lecturer on x\natomy, London Hospital

Medical College, etc. In three parts. With 527 Colored
and other Illustrations.

I. Upper and Lower Extremity. 38 Plates, 116 other

Illustrations. Cloth, $3.00

II. Abdomen. Thorax. 4 Plates, 149 other Illus-

trations. Cloth, 33‘00

III. Head, Neck, and Central Nervous System. 16

Plates, 204 other Illustrations. Cloth, $3.00

Each volume sold separately.

The student will find it of great advantage to have
a “Dissector” to supplement his regular text-book on
anatomy. These books meet all requirements, and as they

can be purchased in parts as wanted, the outlay is small.
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EDGAR’S

OBSTETRICS
A NEW TEXT -BOOK

The Illustrations in Edgar’s Ob-
stetrics surpass in number, in artistic

beauty, and in practical worth those

in any book of similar character. They
are largely from original sources, are

made to a scale, and have been drawn

by artists of long experience in this

class of medical work.

The Text has been prepared with

great care. The author’s extensive ex-

perience in hospital and' private prac-

tice and as a teacher, his cosmopolitan

knowledge of literature and methods,

and an excellentjudgment based upon

these particularly fit him to prepare

what must be a standard work.
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